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^The^lessons in this book are in a series . Fbs t of them depend on 
i'Af oiTn^tion from previous lessons. However, the starred, items do^ 
not depend ''on £he other lessons , and can therefore be taught Separate- 
ly from the ^s£ of this book if they can help you to strengthen other 
topics you are teaching. # >V' % * __ V 
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jfj J " ■ V . «• INTRODUCTION . 

V > ■ * 

: * * ; ' 

■ ' ' * .' . - • - . 

Preserving Food bySgyjng is~a design for teaching science 
S>ririjciples and mathematics concepts through a sequence of 
actfVit^&s , concentrating on weather, solar £«od dryers 
and nutrition. ■* - 4 

£irt_I concentrates on -the effect of the sun's energy on air 
and watejf : students learn about evaporation, condensation,' 
r adiat ion , conduct! on and con ve ct ion . 



Applying these concepts to food, drying, in Part II , students 
experiment to build the most affective solar food dryer for 
.' their locality.. Emphasis *is placed on using" locally availa-l 
; ble materials and making the hardware needed. . *\ 
* *.*■»** 
In Part III, students use the food dryer they have built in 
experiments demonstrating the effect of drying ,foods and 
the importance of using proper drying methods: They then 
' create balanced diets from the foocjs they have dried* and 

ccfipale information: about food drying for the people of their 
community,- ; : - - 

The' three parts each'begin vith an introduction and a diagram 
outlining the major Jcofrcepts covered. Concepts are pre- 
f*- sented through a constellation of activities designed to 
\ ikeep students actively involved and f boused. Background 
v information is provided before each related group of 
activities. - ■ ~ ■ ; ■■ 

Each activity contains a br;le£ , introduction , a list of mater- 
ials /deeded, instructions fc>r what is to be done; questions . 
■ to aSk the students while they are dc^rig .the activities, 
instructions on>what information the students should be 
noting as* they work, Srid suggestions for discission. By . 
the tniddle g*f Part I, t when students haye be So i% accustomed 
to k the way the activities ar& organize,** iristrufctions>f or 
activities are somewtfat- less 'detailed. 

Scattered throughout the manual are suggestions enclosed in 
boxes.;- these are recommended for further study for students 
■ who show particular interest. . A reference section is also ■ 
provided, wiirh an overall listing of materials and/or equip- ■ 
rfcerxt needed for each activity, and suggestion*^ or alterna- 
tives j 

* While Food Preservation -by Drying is designed as a fu^i-year 
classroom coursebf. study, any of the activities can.be . 
•selected to enhance a standard curricula,, to r^nforce 

\ : '. -■ ••■ 



learning in aribtftei subject such as ; agriculture or health, 
science, or, to encourage discussion in an Informal or adult 
literary setting. Other >ICE publications which might prpve 
useful to teachers focusing classwork. o^ community work jdj^ 
food preservation ipclude : 



x 



1. How to Make Tools (#R 35) * x - 

2. Food Preservation Resource Packet (#P*7) 
• 3, Small Farm- Grain Storage (ttM 2) _i 

g4. Agricultural Mathematics for Pe^ce Corps Volunteers 

(#R 4) • ' 

; 5. Visual Aids (#R2j - _- - 

6.< Intensive Vegetable. Gardening for Profit arid Self- 

Sufficiency (S<R 25) - 

Like other feE^anuais, Food Preservation by .Drying is designed 
to be *used^ ad#p££d, modified and, revised and it is you, the 
users in the fteld- y who know best hew relevant it is. ICE 
would appreciate your feedback, particularly in the following 
ar6as : „ ' 

Were the materials for activities ^iasy to acquire? 

Were your students able to use the <t>pen-ended, . lack of 
step-by-step approach in developing/ problem-solving skills? 

What changes would you recommend xjk materials, activities 
or sequencing of activities? 

Pleasfe send any confenents *you have to: , 

information eSliection and Exchange . ' 
; OPTC 
Peape Corps 

806 Connecticut Avenue t • 

Washington, D.C. 20525 _ .' : 

*How to Make Tools was prepared in con j uiic't i on wif h Food Preser.ya 
tion by Drying and several of. its sections • have 'been included in 
the appendices ■ on pp. 191 to 213 . However, if yotfr students do 
hot have access to tools such as saws 9% hammers etc . , Reprint 35 
provides directions far making al\ the b^sic^tbbls necessary to 
build both 3mall and large dryers. ' 



PART I. WEATHER 





PART- t . ' WEATHER - , • 

The 'activity lessons in this part provide the basis* for ah 
understanding of weather. This is d,one by looking at some 
interactions of w^ter and air with energy from the sun. < 
Important concepts are learned during the study of these 
interactions which\ provide a basis -for designing and oper- 
ating food dryers effectively. . - 

* . - r — - - 

Part I is presented in two chapters. The first, chapter incluc 
activities about water and its delation to weather. The secor 
chapter is concerned with the sun and its energy, and includes 
activities relating to conduction and convection. In the 
final activities of this chapter^ students build and test sma] 
devices that aije , _in fact, simple models of food dryers. The- 
concepts learned in the activities in this part are expanded 
in Part II arid applied to the construction and testing of 
large food dryers- Part ill supplies the rationale for pre- 
serving perishable, foods by showing that good nutrition is 
possible throughout the year . 

*■ 
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The number of weather ideas to include or emphasize xsf depen- 
dent oh the science skill level of the students and on' what 
they have studied previously. This part concentrates on what 
could be called the "microscopic view" of weather, wxth .empha- 
sis on developing a familiarity with evaporation and conden- 
sation, and how the -presence of the sun's energy afreets thes. 
processes in nature. The "macroscopic view", concerned wxth 
the influence Of oceans and mountain ranges on regional weath. 
. patterns, is' something that you can introduce if the students 
„ are unfamiliar with it i ■ , 
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At the* conclusion of Part I, the students wi^l be able to: 

1. name the three variables affecting the evaporation 
of water. .-. - ^ ■ T 

* ' * • • . ; i • 

2. vary the factors affecting evaporation to Increase 
or decrease the rate of evaporation. 

-3. make predictions about a system of evaporation when 
one or more variables, are changed. U 

4. use controls in experimenting, testing or^^ orie 
* variable at »a time. 

After. reading through Part I, you may see some areas that he«d 
special attention because your students lack appropriate pre- 
paration. One §pp roach is to proceed slowly through these areas, 
including _ additional activities from other sources. wherever 
you find that your students need additional work. Another ap- 
proach is to precede this part with', lessons on weighing; he,at, 
displacement / etc. 

To help you plan for materials, in the Appendices there is a . 
chart showing everything needed in Part I. 'The chart lists 
ail the activities where each item is used. From this chart, 
you can quickly see which materials are often used; and which 
materials a*e only heeded for a few activities. Alternatives 
for many materials are also shown. 

Alternate activities for students with particular interests 
and abilities are offered throughout the unit. Some^of the 
activities involve expanding studies of solar devices such 
as a sol^r still. The distilled water produced codld be used 
later in the food" preservation and. preparation act ivities in 
Part III. ^ 

' ' X 

A number of the activities in Part I could be conducted at 

various times during the, year as the seasons chapge . This 
would be useful if weather studies are to be emphasized. Also, 
if some students are interested iTT*weather , they, could inde- 
pendently conduct the activities each season. 
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, • j CHAPTER 1. WATER 

BACKGROUND INFORMATION ON EVAPORATION- 

The sun's energy is useful to us in many ways. One of tgeifi 
^ is in the evaporation, transportation, and condensation of 
water. Tt?is is known as the water cycle; 

As v/ater absorbs the sun's energy, it is warmed and evaporate 
it 'changes from liquid to gaseous water vapor. The rate ot 
evaporation depends oil : - i 



1. the temperature of the water.' 
2!^ "the area -of water exposed to air . 

3. the ability) of the air to hold more water vapor . 

When other substances such salt or dirt particles are dis- 
solved or mixed With water, they are left behind when the 
watetf evaporates. .Distillation is one process of purifying 
watei whereby water is caused to evaporate, leaving behind 
imparities, and then cooled to condense the pure water. Rain 
is essentially pure water that has evaporated from lakes, 
oceans, soil, leaves of plants, etc. and has condensed in 
the air high above tfje earth. 

These concepts are developed in the activities Some of the 
devices used in these activities can be enlarged and, u^ed ^ 
later during the food preservation and preparation activities 
You may want to expand the activities to develop .weather 
studies or follow the suggested sequence to lead more direct^ 
to the development of food dryers. If Jthe science students 
have studied weather previously, you cSn ask them to summariz 
their knowledge during discussions. - ■• & 



Activity l^- EVAPORATION OF WfltpRy 

This activity begins - ttie«*tudy o 
plore what happens when water is 
air under different conditions. 
affiVm that water evaporates, at 
changing the conditions in which 
aree, purity of the' water, and t 
separately. Each of four groups 
' tion experiment. (You may want 
Containers of water are allowed 
several days. * The students obse 
how much water .has evaporated.. 



f evaporation. Students ex- 
a*L^oWed to staTreh. exposed to 
, The students discover or re- 
# rate that can be varied by 
the water is .Stored. • Surfac 
emperature ar^ each varied 

sets up a different evapora- 
td alter this arrangement.) 
to stand over, a period of 
rve them each day to determir 
Throughout questioning and 



A- 



is 



the' discussions * of the process^ encourage reoorfi keeping 
well as writing descriptions of .experiments. _ The ^ records/ can 
b?_ us ^ ^y rin 9 discussions and for future reference.. Secon- 
darily, they provide practice in- communication skiKLs. 

__ _ „ * f 

Measuring tire volume of water is required in this activity. 
Students who do not have much experience with the manipula- 
tion of measuring vessels may need an \ extra class period to 
develop a concept of the hierarchy of measuring units. For 
example, they could pour water from one container to another/ 
using a variety of containers, until they find relationships 
such as: & 

15 bottle caps full = 1 small tomato tin ; 

3 small" tomato tins = 1 large tin 

Measuring units developed by the students may be mpre immediat 
ly understandable than standard metric or English units. Also 
it may be more practical if the supply of standard measuring 
devices is limited. . Developing a /system 6| measurement using 
available containers and other materials assures that each ' 
group of students can have a set of .equipment for the activi- 
ties. Conversion tables for the student-developed system to 
metric units and to English units can be developed and posted 
for us^-^y t ■ 

For ^hestl experiments, the class should adopt a unit of volume 
for- water that is an appropriate size to evaporate during a 
few class periods . You should practice the activity for "Grou 
One" ahead of time so ydu can find out about how much water 
to use. It variesa lot in different localities , depending 
on the humidity and on whether or* not there is much movement 
of the air near the surface of the water. 

Many tins are needed for this activity. Ask your students 
to^begin collecting tins how. Every size of tin will be use- 
ful, including very small tins. The tins will also be used 
in many other activities. If each student brings 'three tins, 
there will be enough. . • 

F ■ f 
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Size df eacfi* sub-gro\up 



Tins of various sizes and dishes. or trays 



1 

Tins of the same size 
Water 



Measuring spoons , cups, tins, bottle caps ^ 
etc. a*s needed to measure the amount of 
water you have found appropriate *m 



Means for labeling the tjjfts > such as 
paper; ari$l cem^tit , elaj|ic barid^ , or tape' 
t 

Cloth - 
Small stones ~* 

Rulers marked in centimeters 
Paper ^ 
Salt : m 
Sugar 
: Cooking oil 

Source of a smoky flame, sucj; as a 
candle or paraffin lamp 

• f 

Matches 

Sunlight 



Divide the students into four groups. However, if your cla^s 
is large and your groups contain many students, make sub- 
groups within each group. ' The recommended size of each sub- 
group is shown on the first line of the materials list. Eacl 
sub-group should have between two and four members because 
small sub-groups are better than large sub-groups. The 
quantities of materials listed a^re what one sub-group heeds. 
Multiply by the number of sub-groups you have. 

Items shown with an "X" can .be shared by everyone or by sevej 
sub-groups . ' > 



_\ . 

Procedure for Group One Choose several tins of different di- 
ameters, and some dishes or- trays. On a^piece of paper, trace 
round the top of each container. Save these tracings because 
they wil^L be used in Activity 1-2. 'Into each container , pour 
one measure of water - With a ruler , me as ure the diameter of 
the container and write : it down. Measure how many centimeters 
deep the water is- ih each container. 

Is the wateir the s-ame depth in each container? * f 

Which qon^diner has this deepest" water? 

• - — % 
Which container has the shallowest water? - 

Does each container have the same amount 
of water? 

Which container has the largest area inside 
the tracing on the paper? ' 

Do you think there will be any change in the 
amounts of water in these containers tomorrow? ;* ; 1 

Put the containers in a shady place where they will hot be 
disturbed . 

Day 2 

How deep is the water in each 'container today? 
Write down the* measurements. 

Which container, do you think will have the 
most water aftej^ another day? 

Which container do you think will have the 
least water after another day? , 

Procedure for Group Two Choose four tins of the same size. 
On a piece of paper, trace around the top of one of them and 
save it for Activity 1-2 . In : the first tin , put one measure' 
of water . In the second tin, put one measure .of water"! and a 
quarter (^j measure of ^salt . Stir. In the* third, put one 
measure of water and a quarter measur/e of sugar. . Stir. In 
the fourth , put one me as lire of water and a quarter measure 
<Jfp> cooking oil . Stir . Label t hre tins-. Measure how many! ; 



centimeters deep the liquid is in each *trn. Wri£e these 
me as urements down . .' 

Do. all the tins contain the same amoupt? 

Which tin has the deepest liquid'?. 

Do any of the tins have the same depth of liquid? 



I. 




I 
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Do you think tfiere will be any change in the- . 
■ . amounts of liquid in these t^ns when we measure 
them tomorrow? 

Put. the tins in. a^ shady place where they will not be dis- 
turbed.. : 

Dav 2 ' t * - 

• L ' * 

How deep is the^liquid in each in today? 

- Write down the meas uremen^s . 

Which tin do you think will have the most 
'liquid after another day? s oi ■ 

Which tin do you think will have the* least 
liquid after another day? t 

; . 11 * Is there any deference in the appearance, 3£ 

the tin that has salt dissolved in it and 1 the 
* % tin with sugar dissolved in it? ^/ ' 

" pJacedurZ for Group Three Choose four tins of the. sanitize, 
On a piece of paper; trace the open top of one of^them to 
use in Activity 1-2.- With a smoky flame-, cover the oirtside_ 
of two of the tins with soot. Then pour c^ne measure ,of watej 
in each of the four tins,. Measure how many centimeters deep 
the liquid is in each tin. Write these measurements down. 

j. * t _ . * 

Do all the tins contain the same arribunv * 

What do you expect ' will happen to the witer 

in the tins? • • , J ' . * 

>P lace one black and one shiny tin in sunlight and £ne black 
and one shiny tin in the shade. Place the tins so they will 
not be disturbed. If they are likely to be disturbed out- 
doors during the night, bring in all the tins that are kept 
in sunlight indoors each night and put them in sunlight agaii 
each morning. ; 

i Sav 2 ^ ,'| ^ i 

: how deep 'is the liquid in each tin today? Write 

down the measurements . . :' 

Which tin do you think will have the most liquid 
' after another day? n 

Which tin do you think will have the least liquid 
after another day? ( j 

. , do any of the tins have the same depth of liquid? 
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Procedure for Group ~Four Choose^ two tins of the same.size._ 
Trace the top of one of them on paper to use in Activity. 1-2. 
Cut two' round pieces of -cloth about three times the height of 
the tin from the same piece of cloth. They need not exaptly 
round. " Each sub-group *in, Group Four shpuld use a dif ferent 
kind of cloth -for its pair of tins if possible. Make a hole 
in the center of eacfr , cloth large enoudjjff so the open ^nd of 
;a tin can fit into iM- Next*, choose two trays or wide bowls, 
that are several cerrti meters, deep. As support, put three > 
small atones, of a srroii short tin with a hole punched irt ii:s 
^bottom, into each bowl.. A tin will stand oh this support., 
Put one cloth over each tin so the open end of the tin comes" 
out of the hole. With string, tie the cloth onto the tin 
near the open top of the tin. j 

Into one. bowl, pour. almost enough water to cover the support. 

Leave the other bowl dry . JPut each tin, with its cloth, < - 

into a bowl so it s^fids or? the three stones or on the short 
tin. The cloth should drape i£tb the bottom of -the bowl. 
Pour one measure of water into each ti-rf. 
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Measure how many cefitime^eirs deep 'the water, is in each tin. 



Write these measurements down 



^u 



Does e^ich tip hav£ the same amount, of water? V 

-Do you thi^ik tpere wi ll be * any change in the amdunts ofv 
; water ill tjiese\ tins w>ien we -measure them tomorrow? 

; ' * \ A • v , 

v - > Does the, cloth" with its lower £dge in the yater become 
.'-a ;wet all* over?* • , . : 

r _ _ _ _'_ 

Place both bowls and^tigs in a sunny location * ' CJarry them , 
carefully indoors eaph night and put them^, in sOrilight again 
each, moaning if theyUre likely to be disturb^d^'feitdoors 
during the night. Pour extra Water into th^/wet I bowl as it 
is needed. t£ k£ep the edgd of the cloth in water. Do not 
add water to the tins-. / ' , 

How deep is the watep in each tin today? ^ 

Write .down the measurements. ; * • • 



Is anything else different between .the 
water in the tw<a tins? 

Have you any theories ^about- hb$ the water ■_ 
in -the bowl changes trie rate of water loss? 



Teach ing Method Alternatives ^ 



X 



^£he first day, » the students will be occupied settsimg ^up the 
equipment. On the last day, there will be comparis>o»^and 
^* 'discussion of results. .During ih'e intermediate days only 
^enough time will be heeded for the students to observe* the 
liquid in each container and write down .their me as uvemenSts 
and any other observations . They wi 11 do this until ,all the 
water is evaporated from most of the containers.. During 
these days, there will be time available to do something else 
with the students. Here are two suggestions of what to do: 



1. Have each group show the others their experiments 

each day. This will give everyone a chance to know 
what each group is doing, and to make their own gues 
ses about the results of each group 1 s experiments . 
; I-f your class is already used to comparing .and dis- 
cussing their res(ults , thi's alternative will- work 
out well. If the students -are not ready to exchange 
- information as outlined above , begin Activity i-2 
with whatever extra time you may ,have in these in- 
termediate days. 



SI 



No te : 
ten by 
groups 



Begin Activity 1-22 In this activity, the students 
make use of _the tracings they rri^Re the first .day of 
the sizes of the tins or other .containers . v They. fiyfpli£§ 
thTe area of these tracings, and they also jfirid the ) 

area' of other things. " r 

*. * ■* - - • - - 

.... _ i. . . ■__ \ 

The discission after "Activity 1-2 uses the 'results got*- 
Qroup One, I- 1 , and some ~of ^the results from th/e other 
There-fore-, the discussion of y I-2 should n o tf b e begun 



■- before the students hade finished . Activity J- 1 . 



Discussionyof Activity 1-1 - 4 

- V ^ 
A§ the end qf the activity, have each group report their find- 
ings to the qzlass.. These should include: 4 * 



1. 
2. 



Amounts of liquid in each container or tin eac]> day". 

- - ^ 

Comments about which predictions were correct or h 
and ideas that led to these predictions . 

Each group ■ sf conclusions resulting froifi their measure- 
ments and other observations. - 




^>uri^5 the discussion L introduce _the ternr ' evaporation 1 after 
the students have described the conqept. *. ~ 



The re^t of the class shquid have a chance to consider the con- 
clusions of each group, And to form a tentative opinion con- : 
cerning whether each- experimental situation is s sat isf actorily 
understood. You shoi^LdT allow groups or individuals to do any 
of these experiments again if they express _ interest . ^Tell the 
students .that the next experinfents will help them become more 
familiar with evaporation. 

Ask the students if they are aware of situations in nature where 
evaporation dccurs . If some situations are mentioned, ask if 
these vary with the time of year. ' ' 



This activity provides a brief look at the concept of area which 
is needed to understand that evaporation of a given volume ■ of 
water wil'l be more rapid if it is spread but more. . The concept 
dT area provides a measurable way of talking about how much pf a 
liquid is exposed to air; If the students have demonstrated an 
understanding of area previously, such as in discussions during 
Activity I- 1 , you can proceed directly to the next 'discussion 
after doing Activity I-2A. 
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Sub-group size 
can_|?e dpne by 
{ individual iy - 
to have 



^Fhis activity 
each student 
However; you may. 
the students work 



copperatively in th« saSe sub- 
groups formed for Activity I-L. 

Grid* paper with 1 centime^en 
squares. You can have «stutients 
makL\, thiV, or you can produce 
it with a hectograph or 
cyclostyle or other Copying 
device. 



Samples of .the tins, 
trays and dishes Used^ 
in the* first activity. 

* — ,* . . . 

Tracings- of tins, .trays 
dishes from the first 
activity. 



Rulers ma/Red 
tim^ters ./ 



in cen- 



The 

The ar 
students 
activity 



Scissors or razor blades 
pencils . 



^qbares brT t,he grid paper 
jea each square cove 
trace around 
or cut out a 



1/^entinteter on a side, 
square centimeter. ^ Have *the 
a container used in the f ± rst 



draw around it on the grid paper. 



are 
s is r 
he top of 

tracing from the* first activity andy 



How many square . centimeters are inside the tracing? 



A goo£ approximation can be ifiade by first . counting 
squares that are -completely inside the gracing 
adding^an estimate of the area, of squares that 
side" tfe 1 in<£ . ' Encourage your' students to try 
of approximating the area accounted for by squares 
only partly inside the. tracing. 



all the 
liri£< and the 
are partly in- 
different ways 
that are 



6. 



Find the area, of the open tops of all 
or dishes used in the first activity, 
have tracihgs can trace around the con 
the first activity. Have the students 
areas, starting with the largest, then 
est , and so on , with the^ last area on the 
lest. Have this .List saved .because it 
discussion later. ■ : 



e sizes of tins^ trays 
Students wfio; do: not 
airier s they used in 
make a list of these p 
he next-to-the- larg- * 
list "being the smal- 
ill be used in a 
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Further Study 

Es£ imate the area of a circle. Draw 

a ' 10 ' centimeter radius = c ire le . Its 

radius— xs^lO : cnij tri&efdre its • 

diamer^gr is\ 20 cm * Makg a 

around th is j circle . * 
' Its s i de s ei ch ha*/e 

a fLeh^th of|20 cm* ' 

the" same size as 

thK* diameter of the 

circle. T^ie area ; 
^ of the square is 20 

cm by 20 cm, or 400 .square cm&^tfcq 

Ndw ; make -an estimate of thenars a of_i_the 
♦circle. Some possible estimates could 

be; ' -. = 




1 



4. 



\ 



A 0 ~ 



What is yo^rs' 



Check your estimate of the / area_oj^the_ 
circle. . Make ,a grid sheet /out ofT?ne 
piece of paper that has the circle 'and 
the square drawn oh it. Your squares 
should ail' be the same size but you ' , 
can chcffcse 1 any size squares between 1^ 
cm and 4 cm on a side. Count *how i 
many are in* the circle* and hgw man^ 
'are in £he Square. . ' 

* .squares, in cTircle - f 

6 ~ squares in square . A a } 



Compare the ar^a of 
the circle you get 
with your estimate 



A a ■ 



the exact formula for . a - ' K 
circle can be written as :\ , 



A 0 



) 2 
c Leo 



'Since = A , the area df 
a circle? can also be written 




4* 



Compare your estimate of the area of the circle 

with the exact formula ; i—- : 



I tf is pronounced "pie". Its value is about 3, 
which Is rlose enough for most practical use).. 

, : — ■ r — — i — ^ 



24 



ERIC 




17 



You can find the percentage difference 
; betveen your estimate and the exact 
* area this way : 

yfrur arei ~ formula area ^ 10Q 
/ formula area . - v 



% diff. 



.If the pnswer is .positive* your estimate 
was. larger than the exact area; if 
negative, your estimate was smaller. If 
your estimate was within 10% of the 
exact area, it was an accurate enough 
estimate for most purposes. 

1 



1 



Activity I-2B AREA : 

Firming the area of parts 9 f the human body is a way of devel- 



oping 



skills in estimating surface areas 



Materials 
5 



Sub-group size: Students can 
work individually or in sub- 
groups. 



G^id pager with 1 
meter squares. 



cent i- 



Pencils 

Have* the students trace around their hands on 1 centimeter gj 
paper, j Have them find the area enclosed in this outline and 
£se it'as a basics for estimating the area of all the skin on 
threir- hands . 



What is the area enclosed in your gracing; 



irea of all the skin 
How did you decide on your estimate? 



What "Is your estimate f dr the aj 
pn your hand? ' ^ 



Have the students make a list that shows' each" student's name 
and the area of their tracing. Start with the smallest area, 




all the- skin on their hand to this table 



t 
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Estimatirrg Total Hand Area y 


Name 


Area of t rac ing 
of hand 


Es t iraat e of total 
hand area 








* 1 




S , 


■> 
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'which estimates' seem accurate when compared to the 
rest of the estimates? ■ 

Wfiich estimates are very different from others 
rjparby oh the list? * 

Which is more correct? 

Have the class consider each estimate that deviates a lot from 
surrounding estimate© to decide whether it is more accurate 
or less accurate than the others. 

/ 

The area of the, hand is approximately one hundredth of the 
total skin area of the body. 



Further "Study 

The body's areacan be apprdximated also 
by wrapping cylinders- of paper around the 
arms , legs , trunk and head . Then 
calculate the area of the paper used. 

This activity can be tied to health 
studies by discussing the body's 
evaporative process: sweating. 
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Discussion of Activities 1-1 and 1-2 

Direct a discussion in which students compare the area of each 
container's open top with the number of days it took the water 
to completely change to vapor. Use all the results for contain 
ers.that were kept in the shade but riot those that were put 
•in sunlight- each day. As a way to focus th^dis cuss ion, the 
following table could be placed on the blackBard and be filled 
in-' by students from each groups" Use .the list of areas which 
was. prepared in Activity I-2A. This starts witTi the largest 
area and ends "with the smallest?. 



Comparison of Area of Open Top to Time 
Necessary for Complete Evaporation 


Descript ion 
of * 
corit aiher 


v Area of^ 
open -top 


Number of 
days to 
completely 
« evaporate 
in tfhe 


Number of 
cent ime iters 
d^epi when 
experiment 
started 


- What was v ' ■ 
fh each 
container. 

< 






« 

f — — - 




















* * 






- V 


0 






















s r 







Note that in -this .experiment "the number of measures of water 
put in '.each container ^was the same. 

Do' the results show any relationship between area and 
time - for the- water, to^ evaporate? . * , • 



If so, what is it? . ' •- . 

If., so; whaf "cases- dqp't seem to fit the relationship? 

Doe,s. the height of the sides of the container affect 
the rate of .evaporation?" 

iAre there" any containers where the area of the open 
top "is larger or smaMer than the area of the . liquid's 
surface? . \ 
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ilfjgb, does this have- any effect? 

If water was hot - the orrly ' thing in the tin, _ was 2 
there any change in the rate of evaporation? 



Further Study 

1 , Make a graph of days to evaporate 
versus square cent imeters of 3><a , 



th^C^oup Ofie 'experiment again but 
ttfis,, time (a) put the same. .depth of 
water in- each cohtSinBr^or (b) use 
tins of the same dianfet^fr but with £ 
different heights or (c) use tins 
of various diameters but with the 
same height. See how many days it 
takes for the containers to become 
empty. Tabulate the results in a 
similar way and dis.cuss them* 



BACKGROUND INFORMATION ON • BOILING •* 

One way to increase the rate of evaporation is by /heating 
T the liquid. This was illustrated in Activity I- W where Group 
.Three anc^ Group FoUr put tins with water in sunlaAjht and found 
that the water evaporated faster in the tin „tha,t was Harmed 
the most by the sun . The rapid disappearance of water* when 
it is heated is part of the everyday experiences of drying 
clothes , ironing clothes and cooking food. * 

If enough heat is applied to water, it will reach a tempera- 
ture where further heating causes it to change to' vapor . 
As the water becomes warm, bubbles of air form on the inside 
surface of the container. This is air that was dissolved 
in the cool water. Therefore bubbles form as the Water be- 
comes warmer . Knowing that air dissolves in water hfelps in 
understanding that water c&n dissolve in air, which is what 
has been happening in the evaporation experiments you have 
been doing . (Realising that air is able to dissolve in water 
also helps in understanding how fish can breathe without 
coming to the surface of the water;) Tfci?.*?'?? that tempera- 
ture has an effect on how much of one substance can be dis- 
solved in another will be worked with in future activities; . 



B8 



■ * . ■ * - • 

When the water becomes quite hot, bubbles of water vapor are • 
formed where the water is in contact With the part oi the 

container that is being heated by. the f ire. r ..At, first , they 

change to water again as the/ "ri£|e through the- somewhat cooler 
water near the Surface. Sound comes from the container, but 
the bubbTes c of vapor are not reaching Jthe air. If heat con- 
tinues, to be supplied,; all thS liquid becbmes hot enough so 
the bubbles reach^the -.surface and " the vapor i^r^p^igm mixes - 
with .the air-.* * foil's pr<5cess Is called bdiliriig.^ ( 

% 



Activity L-ZA HEA$&% V&fER L ' S 




In this acti vity , tin of water is placed over a fire and 
heated ^^Ire^ater becomes hot and bo^ls unti]f no liquid is 
left. " • i 



t~y - ■ 
Materials 



V 



Sub-group size : Two or three Tins of varAus" sites . 

students.. All the sub-groups , 

follow the same procedure. Alternate heat source: 

* jj[ Burner and paraffin or 

Heat source:./ • gas, and support for tins. 

.Charcoal cooker and charcoal One for each sub-group. 

or three stones and firewood, _______ ' 

and a met^i grating or ot^er Watch or other* timer such 

support so tins of various as- a pendulum made ■ from a 

si.zes can be put over tfcjg stgjie hanging on a pieofe o^ 

fire. Two or three sub-groups wi/^ about two meters lemg. 

can use each fire. This swings about forty-two 

times each minute. - Ail the 

Tongs or' cloth to lift tins sub-groups can use the same 

on ah,<il off the fire. t^imek. ^ » 

^ * Matches.. 

If the heat, souro^Aas. a large hot area like a charcoal burner 
or a fire, . yau~ can - astume that the heat is being applied to 
the entire bottom of the tin. Eadh sub-group should make a 
chart like this to collect their results. 
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r , 


9 9 -y 




V \ • 


Ti^rae ^Require'd to Heat and. Change W$te 
Vapor in Various Size Tins or Contain 


r t ( o 4 ' 

ers ' w 


v 

. Diameter 
of tiri 
in cm 1 


Number of seconds 
or swings until 
sound comes' from 
tin 


Number of seconds 
or swings with \- 
sound but hot yetj 
boiling j 


Number \>f< seconds 
or, swings 'boiling 
lint il water is 

••■ g? ne 

. i 




* — ; s — — 
















It * 







Choose several tins with different diameters Measure the 
diameter of ea^h tin and write it on the chart. Estimate 
the diameter /ot • the fire or "charcoal burner. To be sure^the 
assumption S true, all of the tins should have diameters 
^nailer "than the hottest part of the fire. 

. j ... . . ...... s 

If the heat source is a smalllhot flame like a paraffin pres- 
sure stove or a bunsen burner, you can assume that all the 
heat supplied by the flame preaching the'bottom of .the tin. 
Each sub-group should make archart like the one shown above 
to collect their. results . 



Estimate the. diameter of ^the area heated by the^ burner . Choose 
sever J!l tin's with different diameters. . To be sure the_ assump- 
tion is true,* all of the tins should have bottoms larger than 
tile area heated by, the burner. Measure the diameter of each 
tin and write it on the. chart. - - 



In each tlri^ put the same amount of water that was used in , 
Activity Note time or. start the pendulum swinging. 

One person from each sub-group should be watching the watch* 
or pendulum to keep track of how mang, seconds or sv^pgs of 
the pendulum it takes for the water to heat up and looil until 
it is g§ne . Put a tin on th£ fire. 

Do /ou have any theory to explain the differe-hces 
in . time that you have measured? 



Is the same amount of heat reaching the water in 
each tin? * v * 



Do you think the area 5 of the bottom of the (tin 
affects the time it' takes for all the.water\o 
heat and change to vaSor? 



9n 
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Dp_ypu think the area of the surface of the water 
affects the time it_ takes _-f or all the water to heat 
~S\ arid change to vapor? % . ■ 

' ' : - " _ ^ ~ / -I : 

Can the* resultjfe of another sub-graup help ybu^ / 

Do ybli qfeed to do another experiment before you 
can be /isure wh^it affects the boiling . time? 

At the end of ttfis activity> there^shbuld be agreei^erit th^t 
water changes tb_ vapor much faster when it is heated arid obi led 
than when it is kept at roorft temperature. If the students 



have .become involved iri this activity^ there may be argument ... 
as to which Jfckes more difference in fiow quipkly the v^ate-r boils 
away : the .diameter of _ the Bottom o f the y tiri> or- the diameter 
of the surface Vof the liquid. You may decide to do the same 

Activity _agairi , using containers with waL»ls ^that are not ver- 
tical . Some possibilities are frying pahs, 'teapots, Etirlenmeyer 
flasks , arid tins where you have beri€ the_ walls inward so that 
the surface _of the liquid is much less than the size of the 

-bottom.' , Information gained by using these container^ will 

'allow the arguments to be _resolved . m 
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Further Study \ 

v . •- ?- \ - ... 

A thermometer. *4s _ rie_ec$Pd witn^ a range that includes 100 
centigrade and which' ha|> a heat-sehs it ive part that 
can be put into water. 7 

Heat some water xjver a burner or small fire 1 ? As the 
water is heated^ measure its temperature very close, 
to the bottom, in the middle^ arid just below the surface, 
Take these three measurement every two minutes-, tab but ^ 
84 swings of the pendulum) . Make a, note bri your . - " < 
measurements to remember (a) when sound begins [to come 
but of the liquid - y arid (b) when bubbles begin reaching 
the surface. .Stop taking measurements eight minuses 
after the water begins boiling. T 



^ake a graph of temperature itt degrees centigrade versus 
time in minutes . Plfc>t the three measurements on the 
same graph. Also mafk the times (a) and (b) on the 
graph. 

results to the rest of the class. 

Make sure the heat source does not s etL^5 on 
fire." If you are using a glass thermometer, avoid 
resting its bulb on the bottom of the container because 
the heat may crack the glass. If you need something^o 
lean it on while measuring the water temperature very 
close to the bottom^, put a pebble in the container. * 
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Activity I-ZB HEATING WATER _ - ' ' 

.*In this activity, a tin of watery is placed over a v small fire 



arid heated. -The water becomes hot 
sblirjd but not hot enough to boil . 
of ^ the tin is Adjusted to keep the 



enough to begin iriak$rilf a 
The fi're or the position 
water this way- - •■ 



Materia I s 



The materials v^ind sub-groups 
'are the same-*as in Activity 
I-3A. ' 1 



Use ttys same amount of 
water in; the tin as was, 
used before. ^ ^ 



Th£ time that it/takes f or, the water to disappear should be 
measured using si watch or by counting swings of the pendulum. 
The depth of the water should be measured at regular-intervals 
su,ch as every five minutes so that if all the water has /not 
changed to vapor in thd time you have available , an estimate 
can be made of how much more time it would have taken. (An 
alternative^ if this happens, is to cover the tin's tightly 
to keep the remaining water inside and continue the activity 
another day^ ) 

As sobp as each sub-gr^up ha^ their tin on the fire, have 
someone in the sub-groups ^nake a chart like this. It will 
contain ^he results from this activity as well as some of the . 
results from previous activities.^ Be sute the students have 
all their previous results on hand the day you plan to dis- 
cuss the resets of this activity. 



■ * ; 

Time Required for Water to Change to Vapor 
- in. Various O^eh Tins or Containers 


\ 

Diameter of 
t in in cm . 


At room 
temperature 
(Act. I-l) 


In the sun 
I during 

the day 
(Act. I-l) 


With 
water hot 
but not 
boiling 
(Act. I-3B) 


W^:h water 

boiling 
(Act. I-3A) 


















j : - 





f 
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"bo you think that 




r water has 



What ^evidence do yoii have that some of 
•changed to vapor? 



How much time did i 
change to vapor? 



^chajl^ed to ^Efpor? 
bux Wate^b- has\ 



How muc 
change 



»tijne did it: t 
«5 \^por? 




Discussion of Activities I-3A and J-3fi 
- J — — — : 



Have the students fill in the parts of their charts that need 
information from previous activities if they have-not already 
done this. Meanwhile, have a student make a large chart on 
the blackboard. Then have students* from different sub-groups 
gut some of 'their information onto the chart on tltfe bl^ckbo^rd- 
When the chart, Is filled with their .results > ' ask the students - 
questions, such as': ^ 



Which column refers/ to water that was kept at the 
coolest temperature? 



Which water was hottest? * 

Whic^h water was ne^t-to-the^-cooiest? 



« 4 



Does there seem to be a relationship between 
temperature and rate of evaporation? 

Can you establish a range ojf time in which you 
would expect w^ter to change to vapor, for the 
conditions i*n each column of v the char} 

A lot o.f discussion may arise if t He ire af.e large differences 
of time within a column. For example, some of the tins kept 
in sunlight may have evaporated ih half a day while others 
took two or three days. When the first activity was being, 
done, the students were not asked tP measure the temperature. 
However, some of the students may have noticed differences of 
temperature of the various tins kept in sunlight . Now that 
the students have, more understanding of the relationship be- 
tween temperature and the rate of change of liquid water to 
water vapor, some results which > may have puzzled them ,shoujLd . 
bec6me clear. r L , .. . < . 

By .-the end of this.- discuss ion, the studtents/shouid agree that 
increasing surface area tenQs to speed up evaporation and that 
increasing temperature also tends to speed up evaporation. _ 
Also, decreasing either of these tends to make evaporation take 
place more slowly . , 
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The following activities concentrate 
vapor to ^liquid water. 



m changing water 



Activi 



It is hdnrd to believe that something exists when you cannot 
see it, feel it or smell it. This probiem^exists with. water 
vapor when it is completely dissoived^in the air^ When . 
people see fog, or "steam", coming from the spout of a tea 
kettle, they' are looking at a mixture of tiny droplets of 
Tliquid water mixed with air and with water vapor. it is the 
tiny droplets of liquid water that are visible. As soon ks 
all the tiny dropljets ^re dissolved in the air , nothing is 
visible. f j v 




n this activity, "the students heat water to produce water 
vapoir . Theh t^ey - * collect some of the : vefpor on nearby Sur- 
faces . # ^o' 

Materials . 





Size of §<icfi sub-group 

..... j __ ' ; 

Bottles or jars made of clear glass, 

nqt colored glass 



Elastic bands Ah at 
ground the battles 

Water : 

Sunlight 



pan stretch 
>r jars 




Pieces of wjh iterMaper- black paper 
such "as cafbdK^pjaper , and various 
other colors including metal - foil 
if available 

Lids or caps for bott lessor j aife , 
or use plastic and elastic bancfe 

Scissors or blades to cut paper and 
plastic* 

' % ■ ■ 



One 



6 
X 
X 



Group 
Two Thred Four 



4 
X 



c 2 



x 



i 
x 
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Materials (corit 9 d. ) 
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Candles or burners Using paraffin or 
.j'gas that cari produce a small flame • 

* _ 

A heating stand to support each tin ^ 
that is he/ted by a^candie or burner f / 
(See^ Appendix H for a procedure for 
malting heat ing stands from tins;)' 

i 

>Matches 

Drinking giass 

: t£) 

Small pieqes of wood to support the 
glasses 

Tins with small enough diameters to 4 
fit inside the drinking glasses 
Each' tin should be taller than the glass 
it is used with* 5 

Tiris of various sizes * 

Pisces of transparent plastic large 
enough to cover the t-ops of the 
tins Used by Group (f#ur 

Several nails of different sizes for 
making round holes in tins (See 
Appendix B for a ^procedure to make 
a round hole in a tin * ) 

/ 

W^itch or otljer timer, $ ; 



Group 



One 




Three 



i 

X 

-1 



1 \ 



J 





i 



DSylcJe the students into^pur groups. Student^ should stay in 
the same group for this activity and Activities <I-4B and 4C. \ 
For each group, ; these three activities form a series. In../ 
discussions, each group Will tell the rest of th'e class what N 
.they are doing and the results they have gotten. As was men- 
tioned in Activity 1-1, your class is probably large enough 

so that'each group contains two or more sub-groups. For 

these three activities, most students may find it best to Wgrk 
ijx pairs. Look at Activities 4B and AC now. ^ 
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Sfou jttay have to adjust rf how many sub-groups you have in, each 
grbup.based bri the materials needed. For example, if you 
nave many bottles , . but only eight heating^, stands , and you 
have thirty-six students, you could divide the class as • 
follows : ; " 

/ 



4 : 



Number of sub-groups 




.J f 

In this way, each sub-group in Group Three and Group Four ,~ 
would have a heating stand, yet all of the/sob- groups ^ 
would have 'only two students each; .y 

The quantities shown in the materials .list are^rhat one sub- 
group needs. Multiply by the number of sub-gTmips you have. 
Items shown with an " X M can be shared by the class or by 
several sub-groups . : 

Procedure for Group 'One Ch oos e pape r Q>f different color for 
each bottle used. Each piece of paper will be attached to 
a bottle with two or three elastic bands . The height of the 
paper 'should be about the same as the cylindrical part of 
the bottle. The width of the paper should be about half the 
circumference of the bottle. " f 

Put a little water in the bottle and put a lid oh it ? Shakfc 
the bottle, then loosen the lid and let the water drip but. 
Tighten the lid. There should be some drops of water on the 
inside : of the bottle. % 

Do y5u think the air inside the bottle contains a 
lot 8f water vapor or very ^little water vapor? 

i v 

Dry the outside of the bottle 1 
and attach a piece of paper to 
the bottle . Put the bottle in 
the sun as Shown in Diagram 2 . 
Sunlight should reach both the 
paper and the part of the bottle 
that is not covered by the paper. 

Take? note of the time so- you DIAGRAM 2 
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.can look at the bottle after five minutes , and again after- 
ten and fifteen minutes. Do the ^ame thing for eatih bottle. 

What do y^u see inside this battle after five minutes? 

Has it changed any after -another five minutes? 

After fifteen minutes, take the bottle into the shade and 
examine the part of the bottle that was not covered by the 
paper. Then remove the paper and examine the part of the 
bottle that was cohered by the paper. 

Is there any difference; betweer^A^fiat is on the 
inside o£ the walls of the bottile in different 
places? 



•Can you feel any difference in the temperature 
,of various par£s of the bottle? 

Procedure for Group Two Shake" water in each bottle as is done 
for Group One. Then attach two pieces of paper to each bottle. 
The pieces should be of different- 6olors such as red and green, 
black and silver, light green and/iark green, etc. Each piece 
of paper covers half the cylindrical part of the 
bottle, as shown in Diagram 3. Sunlight 
should strike each piece of paper equally. 
The paper/ will, have to be partially 
removed (to look .inside the bottle 
after f iye minutes. The position 
of each piece of paper on the 
bottle sWould not be allowed to 
change w^ile this is being done. 




UFA GRAM 3 



Procedure/ for G roup Three, Choose a small tin and a drinking 
glass that can fit over the end of the tin, as shown in t^e next 
diagram. Cut "a hole in the top of the tin. Cut a small 
piece of wood so that it rests on the edges of the tin and 
supports the glass. Measpre a small amount of water and put 
it into the tin. Heat the water .with a small flame so the 
water is hot but not boiling.. If there is a breeze, have the 
open part of the heating stand face away front the flow of 
the flame is disturbed as little. as possible. . 



air so 



Place ttte glass over the tin. Note the time and look at the 
glass after five minutes, ten minutes and fifteen mintates . 

inside the tin containsa lot of 



Do you think the. air 

water vapor or very little' water vapor? 



.nside the g^ass after five 



What^-do you see 

Has it changed any after another five minutesT 




utes? 




30 



Do you think there is any difference between the 
-f: temperature of the glass and the temperature of 
-the tin? 

After f if teen minutes examine the glass, again and remove 
it from the till. - Measure the amount of water iff* the tin: 

Did a^measurable amount of water leave ithe tin? 

If sp, what percentage of the water changed to 
vapor and left the tin? • 




r 



I 



rfiood 



drinking 
glass 



heating 
stand 




eating 
stand - 



Cross-sect ibrial view 
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DIAGRAM 4 




Procedure for Group Four Choose a tin that has _ a height a 
bit greater than its diameter. Make a small* hole in the 
side of the tin about 1 centimeter below the top. ; For 
this activity, the size ofthe tin is hot important, and 
the hole in the side tos not need to be round. However, 
if you want tr& be ready* f or the next activity^ use a tin . 
that is large enough for a te*a glass or very small tin to 
fit inside, and make the hole .as round as possible , just 
large enough so the outer tube from a Bic pen can fit 
tightly in <£*s- (A simple procedure for making a round 
Hole of this Size is found in Appendix B. ) Cut a strip of 
paper about 1 centimeter wide and a little longer than the 
circumference of the tin. Attach it to the top edge of the 
tin with an elastic band. The top edge of the paper should 
;be a little higher than the top edge of the tin. Measure 
a small amount of water and put it into the tin. Then put 
•a piece of transparent plastic over the open top of the 
tin and hold it in place with an elastic band. The purpose 
of the strip of paper is to prevent the tin from melting 
the plastic when the tin is heated. , 
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DIAGRAM 




plastic 

elastic 
bands , . 

'paper strip 



tin 



small 
source of 
heat 



Cross-s jet: ional View » 
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IK-.it t_h»J wo* i. ; r wit h rj ^rrjaij flame untii : :'the wafer is hot but 
hot. j/oiJih'j. The hiriit should be adj usted to keep, the .water 
hoj. but riot boiling throughout the activity. When the water 
U<r<:ot?i<;:; hot>t_.ike note of the tiine and look ^t the transpar- 
ent pJo:/tif to :;ee if any. change has occurred; book at the 
pj;i:;t.jr «ig<i j n *jft.er five rriiautes, ten minutes and fifteen 
rii i h ut. r-;; . - - 

/ 

* Ijcj you think the air inside the tin contains ^ lot' 
of w.it /ir vopor or very little wa^er vapor? 

Wh.it do -you :.ee iri;;ide the plastic after f/ ve 

:ri 1 ri ijt. er; '? ' _ / 

( Mii.\ it changed any after another five ;rr;inutee? 

; I>o you th i r.k t her e i s any di f fer en ce between the 

t e:\p';r «t ure of the transparent plastic and the 
, te:v per *:'t ure of the tin? 

After fifteen. Chutes, look at _the plastic again arid rerove 
the' heat. Take the plastic off the tin. . Then :*,eas ure 
the amount of water m the tin. 

Dio.a ;r.easurable amount of water leave the tin? 

If £j 6 , w h a t p e r c e n t ace of t h e w a t e r ch an g e d to 
vapor and left the tin? 



If there is enough tirr.e. each v group can -show the others 
their experiment. This will give everyone a change to 
know what each group has-been 'doing. ^ However, there ar< 
two rr.cre related ectivites to be dor/4 before the st^den* 
will have enough ir.rorration for a discussion-' in whicn 
they cor.pare their results and s : r".erize what ' 
learned about evaporati^ an d* condensation . * 




F^r:her Study 

To the" water add s ci l.tr -s u ch 
ink or use dark vinegar instead or 
plain water for ■all groups -iri 
Activity uA. ^ x * * 

Note which water is clear and which 
water is" colore*: after ao^-t^-ter: 
-i~ut e s . 
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Teaching Method Alternatives 

' :ih the lastr-acteLvity,- droplets of water 'formed, on surfaces 
within a feVmfnutes after starring the Activity.. Perhaps 
enough water collected- on the drinking glass so that some 
'drops fell off the edge ofvthe glass. Howeve^ no effort 
-was made to collect the water that condensed .V$n this 
activity, the equipment is adapted so the condensed water 
. can be collected. : . . 

4 Depending on your educational objectives, you haXe a choice 
of methods in this activity .and the next actvvvti* 



1- student. Investigation. Tell the students Vhat they 
have a "design problem^ to solve . The design pro- 
' blem is to find ways to collect the water vapor that 
is being produced'. You should provi de all of the 
materials that are on. the materials list and any- 
thing else you have around that might be useful . 
-This way of managing the class helps .the students 
develop judgement and self-confidence in applying 
what they, are learning. It is a useful approach to 
use when students are not soon- facing external 
examinations. Some classes enjoy a contest: 

Which group can produce the- sun-powered device that 
collects the most water? 

Which group can produce the flame-powered device 
that collects the most water? 

Some of the students will not be able to think, of anything 
on their own. You can suggest that they try something 
similar to what other students are preparing to do. You 
can also suggest one of the ideas shown in Activities I-4B 
and 4C, 'or ideas shown in the "distillation" section of 
science. texts^ 

2 Guided Learning Continue with Activities I-4B and 
' • ' 4c as they are outlined here. This way of -managing 
the class reaches understanding of the science con- 
cepts more quickly than the student investigation 
• - methodSVind is best for students who are required to 

cover all the material iti the syllabus because they • 
; have to attempt an external examination at the- end 
- .. < of the year a However, this method is not as effective 
in producing 1 people who can put what they have learnec 
to practical use after they have left school. This 
is because directions /for what to do , and^ the ^pres- 
sure to do it, are being supplied by theteacher and 
: .•• the s'ehool. School leavers are left with little prac- 

tice- in docidinq ' on their own projects and the car- 
■ tying them through, which are skills valuable. Ln 
applying knowledge in real situations. 

: ■ . 41 
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As much flexibility as possible for making decisions 
has been included in the direct iogs for making equip- 
ment used in activities; Exact sizes w are rarely spe- 
cified. Judgement is therefore necessary to make 
equipment with proportions similar to what is shown 
in the diagrams, and learning experiences o.ccur by 
seeing whose equipment works best and/ thinking about 
why di f f erences in size may have" caused differences 
in function. in these ways the guided learning method 
can cjevelop some skills hot ordinarily considered 
necessary while remaining acceptable to students, 
teachers and administrators . ^ 



DENS ATI ON OF WATER VAPOR ' ■ 

If you us* Method 1, the students will be occupied building, 
and trying out the alternatives that they think of. 

If yok use Method 2., it will take only a short time for the 
students to -get their devices working.. Then there will be 
some time when they have .nothing to do. During this time, 
yau^ould have each group 1 describe Activity I-4A to the 
re§t of 'the students. Another -thing ya^df can do is to begin 
Activity 1-5 which is about relative humidity . That 
activity requires very little 'equipment. • Near the end of the 
time available, they wil| see how much water has collected, 
^nd will write down theixf measurements . 



Materials 



/ • , ;~ ______ . ^ ' 

j^jSl^e o*f*"each sab-gp'oup^ 

Jar^ .made of clear v gia$3. Some of 
% £hem must have, the same -size mouths; 

;<S * ..... 

Elastic bands that can stretch 
;- &x6 un d the jars 

;V*/>* t ■ ' * 
f Sunlight 

/ § __ ___ _._ 

. pieces of paper of various colors , or 
. ' : a smoky flame or paint as used in the 
1 * last activity : 

• \.f .*£ V ; . / * 51 " : . 











i ' 


Group 












Otfe 


Two 


Three 


Four 


2 


2 


2 


2 


1 

1 _ 


2 






/ J*+ 

/ v 








2 


2 






X 


X 






i 


1 
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(cont 'dU 



Lids for the jars or use plastic 
arid elastic barids 

Absorbent cloth such,' as from ari 
underskirt or singlet or paper 
wh i en is* ye r y ab s or b e ri t 

^3 glasses or small tins that y 
w$^l-fit inside some of the other .' 
jars arid t iris 



Water . 

Book's or pieces of wood to use** 
as a support 

Scissors or. razor blades for cutt ing paper, 
cloth arid plastic 

Tins with a round hole in the side 

Tins with a hole in the side, 

where the hole need riot be exactly round 

Candles or burners, and heating stands 
as used in the last activity 

Tops from small t iris to make a stand 
inside tins being heated, or small stones 

Outer tube of Bic pen or hollow bamboo branch 

Tins of various sizes 

Pieces of transparerit plastic to cover tops 
of tins 

Small stones, coins or washers to use as 
weight at the center of plastic pieces 

Matches 

Wat ch or clock 



One 



Group 
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Twtf 



Three 



1 

X 



Four 



1 
X 



X 

1 



1 V 



1 

X 



£ 1 



V 
X 
X 
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In this activity ea^h^^ib \ises\equipmeht that is quite 
similar to what they^t^secj o^SActivity I-4A, but this. time 
the water vapor Condenses into, droplets that are collected 
in a separate container. 



Procedure for Group One A tea glass or a. very small tin 
is placed inside a jar. The outside of the tea glass or 
s*D?ii__tin is coated of painted bi^ covered with paper of 
whatever color the students' have^decided works best . A * 
measured amoturt of water is placed inside the tea glass or 
small tin. Ti^eaTa . piece of very absorbent paper or cloth 
is placed so irsHcks to the inside wall of the glass or 
tin.' Cloth that^maykes a good wick works well. One part 
of the cloth ojs paper should be in the water. Another 
part of the cloth or paper should be under the part of , the 
glass or tin that will be heated the most by the sun. 
The students will place the tea glass pr tin inside the jar 
and cover the jar with its lid pr with plastic held by an 
elastic band. The" inside of the jar should be dry when this 
is done. 




:otL paint 
%otored m 

paper 
outside 




upport 



Cross -sect iorial view 
DIAGRAM 6 



Without spilling any of the water from the glass or small 
tin ; carefully place the j ar in sunlight . Note: the time . 
Near the end of the time available , have the students 
examine the jar. ' 



Did any droplets of water collect on the inside 
of the jar? : 

Did enough water collect to accumulate at the 
bottom of the jar? 

If 50, what percentage of the water changed to 
vapor and then condensed on the j ar? 

■> 44 



The_ students should record, the amount of. time the jar was inv 
sunlight and the .' afndurit of water that collected in the jar , 
if -it_was enough to measure. They should also, note any other 
details so they will be able to describe what happened. 

Procedure for Group Two Two jars are placed together so they 
jform one container. Their mouths must be about the same size 



\ 



colored 
coating on 
outside of 
this jar 





Crbs s-sect idrial view 
DIAGRAM 7 



f 



If the 



aoi^ths are not quite the same size, something such as 
or^cloth can be /stuffed into the gap. If only a few jars 
are available, oh-e— <far and one tin can be ; used. 



Prepare bne of the jars or the tin the same way that the tea 
glass or spall tin was in the Group One activity , with water 
and a wick ins ide', and colored, paper or other coat incj outside. 

Place the two jars., or the s jariand the tin, in sunlight with 
their mouths! together. Note the time. Near the end- of the 
time available, examine the jars. 

The ques^*^-H:o ask and' the measurements to make are the same 
as f cr^ Gr^Uf^One. * 

Procedure fvr Gr oup Th ree A tin with a measure^ amount of water 
Ys heated with a small flame. In si de the tin is a tea glass 
or a tiny tin, . supported by a stand. The stand can be v made 
from the top of another tin. It 'should, have' a somewhat smaller 
diameter than the tin it is placed in. Bend the edge ot the tin 
top in three places- as shown in Diagram 8. Three sm^&i stones 
inside the tin can be used as a stand also. 

w 



) 



V1-AGRAM 8 



a lan d rna d'e^ ? 
-from lid of\a 
I in* with thrae 

'erftj'cii ben t 
(h ywn i Jdr du 
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Make a hole near the tdjxof 'the tin. It doesn't have .to be 
round. Attach a paper s&rip* and a piece of Js^rHn spa rent: pias 
.tic to the tin, as was done in Group- Four irf^ Activity I-*- 4A^ 
At the center of the plastic, put i-^in or V^iiiall stone so 
that the plastic is: lower at the center than elsewhere; 



plastic 



small 
hole, 




hedtijig m 
stand 
' t 



small 

source of ^ 



Cross -sect ional view 
DIAGRAM ^ 



Heat the water with a small flame unti 1 JEhe water is hot but 
not boiling. The heat should be adjusted to keep the water 
hot but not boiling throughout the. activity. When the Water 
becomes hot, take r^fte of the time. 

Near the end of the time available, the students_sfiouid ; 
record the time that the wlter has bqen hot remove 
the heat . . ■ - 

■ , 

Did any wate,r collect in the tea- glass? 



How did it get there? 



i ■ 



What pe r cent age of the water you started with 
is now in the tea glass? ^ 



What _ percentage of the water you started with remains 
at . the bottom of the tirf? 

Pro 6e dure for Group' Four Some things are added to the equip- 
ment that was used by this gr^Dup in Activity I-4A. The Jame 
heating stand aniheat source' with a small flame is used^ - 
If the tin tised tfie_ last time ha# a roSd hble^^nd you have 1 
a tea glass or a ^ety small tin that _i*an fit inside, it is 
suitable for use in, this activity. Make a stand to s PPP°rt 
the tea glass; or use three small stones. Fit the outer tube 
bf a Bic pen inW' the hole in the "Side* of the tin* A hollow' 
bamboo branch can also b3 used, but it is not,as good be- 
cause yyti can '| see inside it. The other end of the tube * 

passes through a hoi'e in a piece of transparent plas.tic which 
is attached to the.top of another *tin'with an elastic band* 
This hole jshould bej ^. little bit bigger than~the tube so 
tha.t air xan escape.^from the tin as the system is heated 
and the^eir inside ' it expands. 

Put a measured ^rabunt, of water in the tin on the heating stand. 
Place the tea glfes on its suppo^ inside the tin. Attach the - 
paper strip around the top. edge of the tin with an elastic " 
band. The plastic should be a little loose in the njfrdqlle so 
a coin or a smalji stone will keep the middle lower than the 
edges . 
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Heat the water with a small, flame until £he/water is? hot but 
h^t boiling. The heat should be. adjusted.' to keep the water, 
hot but hot boiling throughout the activity Note the time\ 
when the . water becomes Tibt . Near the. end of the time avail- 
able , note the time and rernev^The heat 



Did, any water collect in . the tea. gl^ss? 

*ct&. ar>y droplets form inside the tube? 

Are^ there an/ droplets of water in -the tin at 
at the other end of the tube?. 



How much water remains in the bottom of the 
tin you heated? ^ 

How rruch water, is in the tea glass? " 

Is^ther/e a measurable amount of \St^r. in the 
other tin? If so, how much water is there? 




Do these amounts add up to what you started with? 

Unless the students are eager to havey a discussion, corftinue 
with Activity I-4C first. Tell the students to keep >g&od 
records of their: results so that comparisons can be made in 
;ion after Activity I-4C. - 



the discuss: 




Further* Study 

jbme salt to the water. 

Taste the liquid which has, 
.condensed after about ten 
minutes to see whWthe a r the 
salt was transferred 
together with the wat* 
vapor . 

♦ 

Use vinegar instead of water. 

Tiste the liquid which has 
condensed after 'abj)>ut*fcen 
minutes to see whether anything 
was 'ttans f erred together with 
the water vapor or not : 




r 

/ 
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[Activity I-1C CONDENSATION OF WATER VAPOR 



{ 



In this' •activity , Group One -and Group Two continue to \Sjse 
light as their source of heat while Group Three and Group 
Upe somewhat larger flames than before. 

^Materials ' , 



stiri-. 
Four 



i Size of each sub -group 

Access to the dut<ibors 

Shove Is other tools^ for ^figging 
holes in the ground 




Trays ox^Ai^hes able to hold^ater 

A smoky flame for coat ing some of 
the t rays or dishes with soot 

Sraall^glass jars or drinking glasses^ 

Sunlight 

Pieces of transparent pl^sjLic 
1 arger th an used be fore 



t h an us € 
to {hold 



Stones toehold down the edges 
of the plastic 

Si^all stones to use'as weight at 
the center of plastic pieces 

Water % 

Measuring spoons , bottle caps, * 
rulers , etc. to measurfe amounts of 
water collected \ 

All of the materials used in Activity i 

by Group Three and Group Four, 
except that the burners mast now be hot 
enough to boil the water gently 



Watch or clock 




Group 



One 



1 

X 



1 

X 




Two 



Three 



2 
X 

X 
3-6 

X 
1 
X 



1 

X 



X 
X 



Four 



X 
X 
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Procedure for Group One Dig a.'shallow hole almost as large as 
the piece of transparent plas.ti_c.ybii have. The area of the 
top of the hole should be somewhat .smaller than a' square 
meter but preferably more than % of a square meter. I f 
the plastic you have comes in a roll only about \?at^ 
meter wide^ 'you can sew two. or three strips togeterieq t<^ get 
a piece that is approximately square. 




Sprinkle a 
torn of the 
hole- Pla 
soi't- to hb 
the plasti 
glass. The 
lower than 
time' avail 



measured amount of water on the soil ' at the bot- 
hole. Put a glass or* jar at the center of the 
ce the plastic over the hole. Use stones and 
Id down the edges so air -does not blow^under 
c* Put a small stone on the plastic above the 
plastijC should^be loose enough so the center is 
the edges . \ Note the time .. Near the erkJ of the 
able, note the time again. 




Crbss-sect%btlal viewf'' 
DIAGRAM 11 



it 



Did any droplets f oifnf on the" plastic? 



I^there any water in 



rf 



so / ^how much water 



"the g£ass? 
is^ i»n the glass? 



What percentage of'ibhe water- you sprinkled 
in the hole is-: now \£n the glass? 



possible, put the glass " and the 
until. -the spn is not .shining 



the amdunt^ of water that has col 





plastic back and leave 

anymore. Then measure 
in the glass again . 



e and plastic the same 
ys or dishes into the 
Coat one dish with soot 
ish . Measure the same 

Put 



i 



^ _ >r Group Two Pre 
as tis^ed by Group One. Put s 
hole. Usedishes of var 
if you do not already have 

amount of water that Group One sprinkled in feir hole 
this water in the dishes so each disH^as an equal portion 
of the water. Piece "a glass or jar at the center of the hole 
Put the plastic over the hole. Use stones and soil to hold 
down the edges of" the plasticso air is not blown into the - 
hole by the wind. Put a small %tone on the plastic above the 
glass. Be sure the plastic lis loose enough so the center is 
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much lower thai? the . edges • Take note of the time, 
end of the time pvailabjLe , note the time again. 



Near the 




hsect ional view 

a'' 

DIAGRAM 12 



Did any droplets fpirm on the plastic? 

. _ -if . 

Is there any water in the glass? 

— . J '. . _ _ t 

If so, how much waijer is in the glass 1 ? 

What percentage Af the water you p^t in^ 
the dishes is hbv| in the glass? 

How much water remains in each dish? 

** 

If possible, put the glass and the plastic back and leave it 
until the sun is not shining on it anymore.] ThejO|&ej|p^ire the 
amount of water in th^glass again. Also rneasurec©^ amount 
of water, if any, remaining in eaih dish, v 

Procedure for Group Three All" the materials are the<Same used * \ 
in Activity I-4B , except the flame, which is larger*. \ Heat the \ j 
water until it begins to boil and note "the- time. Adjust the 
flame to keep the water boiling throughout the activity, but 
be careful the Bic pen tube is not heated so much by heat ; 
coming up next to the tin that it melts. Use the same amount * : 
of water that you used in Activity I-4B. Near the end of the 
time available , note the time and remove the heat . 



How much -water collected in the tea glass? 

Wha^t peij^fent^age is this of what you started with? 

^ How much ^tAter collected in the other tin? 

What peijfehtage is this of what you started with? 

How much water remains irt the bottom of the tin 
that was hasted? L + 

^ J : ,j 

What percentage i/S t^is of what ^you stlarted with? 
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hese percentages 



What percentage do the three of 
add up to? 5 

What percentage' of trie.^ater wa 

Did the *tergperatture of the secon 
* . while water vapory was condensin 

For the discussion t!<a^ follows , 'the students will heed ~t 
use the results they have gotten during these last thiree 
activities . They may also need to refer to their results 
from some of the earlier activities . ' -Remind the students 
to have ail of their records in class for the discussion. 





Farther Study . 



if you have a room wher e/'-Jifh^ w indows can be c 1 bs ed 
so that there is very little breeze, it is recom- 
mended' that some of the students do this activity y 
and report their results to ttvev^rest of the class/ 



Use the Group Four equipment bt^ with the second 
tin standing on a" dish, and the^end of the Bic 
pen tube almost touching the side of this ti.ri! 



Put the tin on the dish after the\ 
water is boiling, and' keep it there 
for ten minutes: Do J thxs 
three times: (a) pu£ ; 
cool water in the second 
tin, (b) put) warm water 



in it , ( c ) put very 
hot water iq it . 

( After each ten minutes, 
^measure the amount of 
water that has collected 
in the dish. ; Have^ the 

students discuss possible, reasons for different ? 
% amounts of ' condensed water. 




2. Use the Group Four equipment , but aim the Bic pen 
tube into, various other containers such as a tea 
kettle. Use each container^ for ten minutes. *Cbmf 
pare the water collected j.ir the different containers' 
triecft Feel the temperature of each container aft^r 
vapor has been coming ^iritd it for a few minutes . 
"In this act.ivity the water should be boiling during 
the ten ^minutes that each container is being tried. 



much, lower than the edges: Take note of tfte^time. Near the 
end of the time available/ note the time again. 




Cross-sectional ^iew 

J DIAGRAM 12 . > 
• ' . v . 

Did any droplets form on the plastic? 

Is there any water in the glass? 

If so, how much water is in the glass? 

"What percentage of the water you put in 
the dishes is now in the glass?' 

How much water remains in each dish? 

If possible, put the glass and the plastic back and leave it 
until the sun is not shining on it anymore. Then measure the 
amount of water i*n the glass again. Also measure the amount 
of water, if any, remaining in each dish.. 

Procedure for Group Three _ All the materials are the same used 
in Activity I-4B,except the flame , which is larger . Heat the 
water until it begins to boil and note the time. _ Adjust the 
flame to keep the water boiling throughout the activity, but 
be careful the Bic pen tube is not: ' heated so much by heat 
coming up next to the tin that it melts. Use the same amount 
of water that you used in. Activity I-4B. Near the. end of the 
time available, note the timp' and remove- the heat. 

How much water jcollected in the tea glass? ' 

What percentage is this of what you started with? 

\ _ 

How much water collected in* the other tin? 
What percentage is this of what you started with? 

inls in the 



How much water rerria 
that was heated? ^ 



le bottom of the tin 



What percentage is ttfis of what you started with? 



4'4 



\ 

What percentage do the three of these percentages 
add up to? 

What percentage of the water was lost? 

D£<3 the temperature of the second tin 'change 
while water vapor was condensing in it? 

For the discussion that follows, the students will need to 
use the results they have gotten during these last three 
activities. They may also need to refer to their results 
from some of the earlier activities. • Remind the students 
to have all of their records in class for the discussion. 



Further Study . " 

1 . If you have a room where the windows can be closed 
so that there is very little breeze, it is re com- _ 
mended that some of the students do this activity 
and report their results to the rest of the class ; 



Use the Group Four equipment bat with the second 
tin standing on a dish, and the end of the Bic 
pen tube almost touching the side of. this tin. 

Put the tin on the dish after the 
water is boiling, and keep it there 
for ten minutes. . Do th is 
three times": (a) put 
c6ol water in the second 
tin, (b) put warm" water 
in it, (c) put very 
hot water in it . 

After e ach ten minutes, 
measure the amount of 
water that has collected 
in the dish. Have the 

s t ude nts d i 3 c us is pos s ib 1 e reasons f o r d i f f e ren t 
amounts of condensed water: 




Use the Group Four equipment, but aim the Bic pen 
tube into various other cont ainers s uch as a tea 
kettle: Use each container for ten minutes: Com- 
pare the water cotiectea in the different containers 
tried: Feel the temperature of each container after 
vapor has been coming into it for a few minutes. 
In this activity the water should be boiling during 
- the ten minutes that each container is being tried. 
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SUMMARY- 

fts a result of --doing the various activities A and Sharing [ the 
results in the discussions, the .students by now; should feel 
familiar with a number* of procedures and concepts. 

/The procedures include measuring liquids by volume^_measurin 
surfaces using square* measure, jnea'suring time, noticing dif- 
ferences in temperature, measuring temperature (if thermom- 
eters are atfail^ble) , "computing rates of change, keeping 
.records of results, making comparisons- where di f f erences^ in 
quantitative results aire important, 'and making predictions 
or decisions using knowledge from previous 'experimental re- 
sults . ' " * • \ ; ' ' ' ;*S 

The concept's include evaporation, water vapor } ; condensation, 
rates of change, the sun, as a source of heat, and area. ftls 
cool, warm, hot and .boiling as they apply to water. 

For some students the procedures may also have included look 
ing for suitable equipment and bringing it £o class, decid.in 
which items to use. from a supply of different sizes and shap 
of tins/ jars, pieces of plastic, etc. , adjusting heat sourc 
to maintain a certain rate of heating, using the sun as at 
source of heat, improving ways of collecting heat from the 
sun, approximating the surface area of solid objects, making 
graphs of results, using a pendulum as a timer, measuring^ 
temperature with a thermomet^t, and considering the flow of 
heat in a system. ' " 



. Eor some students the concepts may also have • included -evapor 
at ion as a way of reclaiming something that is dissolved in 
water (salt), evaporation as a way of cooling something 
(burlap refrigerator), condensation as a way of ■ heating^ some 
thing, and distillation a3. a way of obtaining pure water fro 
water that has things dissolved in it;- 

Disaussion of Activities J-4A, 3B- 9 and AC - 

As outlined in the summary , th«ere ,is a core of procedures an 
concepts that all the students have been exposed to-. Then 
there are additional' procedures and concepts that some stu- 

i dents have learned. The. discussion; should be a time when f 
students in each group strive to explain^ clearly to the rest 
of the class what they did and what happened. It is also a 
time for "students who did further activities : to tell the 

' class what they did. 

You may decide that ttve students' results can be best compar 
.-by using a chart similar to that available during the_ last 
discussion. Some of the students may be able to develop* the 
necessary headings for such a chart, or you can develop one 
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pr more charts based on your knowledge of what'tfte. students 
have been doing. 1 • 

If the class understands exactly what happened in each 
case/ questions about similarities and differences in re- 
Suits should come up, and discussion will be lively . 
idwever, while a certain group is describing aru experi- _ 
merit, in order to clarify the situation for the rest of' 
the class, you may have to^ ask all the questions that 
* you "asked thenv during the activity . This helps to im- • 
prove the communications skills .of the students. 

It is . sufficient at this time for most of the students to 
know what happened in most of the activities. In the 
cUsqussion at the end of Part I, the students should be j 
able to make generalizations about the major concepts ttley 
will have learned. '■ • ; 

★ * . * 



. BACKGROUND INFORMATION ON RELATIVE HflMIDITY • 

: ' : ^ ^ X 

The ability of air to hold water vapor can vary a lot 

throughout the /day and night. This is because. the£ amount 

•:. of water vapoir that a given amount of air can. hold is re- 
^ liate^d to the temperature of the air.^ Foi: each 10 degrees - 
* centigrade that air is warmed/ its capacity^ to Jiold water 
vapoF, increases by about 100 percent. Similarly, for - 
each 10 degrees centigrade ; that air cools , its capacity 
to' hold water vapor is halved . If there is d^w at night, - 
the air i^ being cooled to a "temperature where some of the- 
water vapor it holds condenses onto plants ?nd other objects. 
At ..that time, the air is saturated with water vapor, and the 
relative humidity is 100 percent . . (Wh#a the air is hold- 
ing' afl the water vapor it can, .its relative* humidity is 
100 percent. Air containing no water vapor would have 
a relative humidity of 0, percent.) > . - # 

Consider a Situation where the ^daytime maximum temperature 
is 10 degrees centigrade higher than the minimum tempera- 
ture at night, and where dew forms at night. In this sit- 
uation, the capacity of the air toehold moisture is doubled 
when the air Is warmest, compared tp when it is coolest. 
If no additional moisture is added to the air as it heats, 
its relative humidity would now be 50 percent. However, 
most of -the moii^re. deposited at night as dew changes to 
vapor again whdn the air. becomes warmer, so part of the 
capacity of thi air to* hold water vapor is used up. ^There- 
fore, the actual relative humidity $t the maximum . temper a- 
^tyre'in this example is somewhat greater, than 50 percent. 
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Now consider another situation,. At ^certain times of y^ear in 
some desert areas, the temperature goes_down to about 5 de- 
grees centigrade at night, and dew forjjns^ The daytime tern- 
perature rises to about v 45 degrees centigrade. if no additi$>] 
al moisture is added to the air as it heat^^ its relative . ; 
humidity as the temperature rises would be as shown in this 
chart : . / - 

" J "' ■ "■ « : : s • 



Comparison Of Temperature to Relative Humidity 


Temperature 
(degrees centigrade) 


Relative ^Humidity 
(percent) 


5 


100 


15 


50 


25 


25 • 


35 


. 12* 


• 45 ... 


• ' 6k 



However, most of thft moisture deposited oh the sand at night 
as dew changes to vapor aft§<iin when heated by the sun, so 
part of the capacity of the air to hold water vapor is used 
up. Therefore the actual relative humidity in this situation 
^at 4 5 degrees centigrade is somewhat more than 5% percent . 

'In both of these examples, t^ 130 
percent when the temperature becomes cool . TThe evidence that 
the relative humidity reaches 100 percent is the dew, which 
forms when the ^air has more moisture :than it: can jhold.: The 
more the temperature rises in the daytime, the lpw^r the 
relative humidity; 

If dew forms in your locality at night, you can get ah idea 
of what the minimum" relative humidity could be in the daytime 
by measuring the usual high and low temperatures. :• Early in 
the morning the temperature is approximately the same as the 
lowest it may have been during the night. The high tempera-, 
ture can be measured around midday.' These temperatures should 
be measured outdoors in the sha 

Evaporation is slow if the relative humidity is near 100 per- 
cent and faster if the relative humidity is low. Air that * 
has gained some extra water vapor by being in contact wit^l r 
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the surface of wat^r has higher relative humidity t"han it 
had before. If this air is roofing away from the water and 
is being replaced by drier air, evaporation is faster than 
if the same air stays hear the Water for a long time. 

/ 

y Activity ISA ' EVAPORATION AND TEMPERATURE 

(in this activity, students investigate what happens when 
water evaporates without any., heat being applied; __Tne 
human body's ability to sense differences in temperature 
is used to detect whether any change' of temperature takes 
place. 

Materials - ■ 

Sub-group size: Students Pendulum "or watch for 

can work individually or timing 

in sub-groups. All the ,,,, 

students follow the same Water to fill the basitis 

procedure. . y sunlight or another way 

A bowl or basin for each of warming the water 

six to eight students 

J 

Faris- / 

Dip your hand in water that has been out J^^Soes 
Does it feel warm? Remove your hand from the l.w^tej. Does 
your hand feel warm now? Swing your hand around while it 

'if still wet Does it still feel warm? When your hand 
Sie swS it as you did before. Does it feel the same., 
as IS foflC If you get both hands wet, hold one still and 
move the^ther one around. Which hand feels warmer? 
you use a fan to move air to your hand does it dry faster 

than when you don't fan it? How much time does each ^hand . 
take to dry? Which makes your hand dry^more quickly . 
fanning or swinging? Which makes your hand feel cooler? 

gAO^jg INFO RMATION ON HEAT ™«™C, EVAPORATION AND CONDENSATION 

After Activity I-3A, there is a Further Study which requires 
a thermometer! If you were able to do this 'activity you 
saw that the temperature of water does not rise jbove a cer 
tain level (somewhere betweei 90 degrees centigrade an* ^QO 
' decrees centigrade) whert heat is supplied. Instead,, tne_ 
Sr loSs, 9 Wat,r vapor is produced .W & 
requires a continuous- supply of heat If you tag ^ay 
heat, the boiling stops. If* you put the h eat ^ck gtan. 
the boiling resumes, but the temperature of the water stays 
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the same. " How can the temperature stay the same when heat 
is being supplied? One way to answer this question i to. 
th±4vk\of the heat as being removed by something. It is 
belong removed by the process, of making water vapor from 
liquid water. 

In Activity I-4C, as done by Group fc, the tin. at the end ; 
of the Bi^pen tube became warm. Some of the water vapor con* 
densed on this tin. Heat was being ^uppl led to^the tin by 
the process of making water from waiter vapor This is^the 
opposite of the situation just discussed. When water con- 
denses it adds heat to the materials it is in contact with. 

if the relative humidity Was close to 100 percent when Y?™- 
students were swinging their wet hands in the air-, they would 
have had .difficulty noticing any difference of te.mperature 
between their wet hands and their dry hands. Without any 
evaporation, there is no cooling taking place due ^o having 
a wet surface exposed. The lower the relative humidity^is 
the -easier it is to notice the cooling, because mojre evapora- 
tion is taking place. When water evaporates it removes Weat 
from the materials it is in contact with. / 

■ ' — * * 

in some localities with a h^cUmate, a small quantity of 
drinking water is kept in ajsligntly porous clay P°t. Some 
of the water seeps through the ^alls of .the pot and evapor 
ate from its surface. The cooling, effect of ^is evapora- 
tion keens the water in the pot noticeably cooler than water 
ke°" in ah ordinary container. In the same way, the human 
bodv cools itself by sweating. Spoiling, of fresh foods may 
be retarded by surrounding them^with wet cloths. The water 
irjfthe cloth evaporates, and cools the food a little bit. 

Drying of Clothes is -usually done in whatever way is most ' 
convenient and effective. Thus, they are put _|5 sunlight . in 
olear weather, and often hung near a fire in damp, rainy 
weaker If tttere are dry seasons and humid seasons in your 
-locality, it would be interesting to compare the time it ■ 
KkSi clothes to dry, if you keep all other • conditions the 
same^ For example^hang the clofhes away from sunlight or 
flrl] and where there is no breeze. The only remaining dif- 
ference is- the relative humidity of the air. , 



Activity I- SB JZVAPOl 



UNO TEMPERATURE ' 



if you have a .thermometer ,- or if you can make a device that 
responds to fairly small changes in temperature and wh ich^is 
.not destroyed ^'getting wet, do this activity (See Appen 
dix E for suggestions on developing these .devices .J It en 

q es uponTctivity 1-5A, and proji^ interesting results 
to compare if you can dqtit in^Hwe¥ther and in wet wea- 
ther. ^ k >' 
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Materials 



r 




Thermometers or. homemade Water. 

temperature sehsing devices 

Cloth 

Fans \ 

This can be done as a demonstration if you haVe or/ly one 
thermometer or by sub-groups if you have many thermometers 
or temperature sensing devices. Everyone follows the 
same procedure . 

Hang the thermometer- in the shade or indoors and let it 
adjust to the correct temperature for a/ few minutes . 
What 'is the reading? With a 'fan, jfeve air towajds the 
thermometer for a couple of minute's*. DoAs* the^mpera- , 
tyre change?' Now wrap a small piece of "Wet cloth around . 
the bulb of the thermometer. Leave it alone for a few • 
minutes. Is the temperature different from when there was 
no cloth? If there is a difference, is the wet temperature 
higher or lower than the dry temperature? What is the 
reading?- Fan the wet cloth for^the same amount of time 
you fanned the dry thermometer before.. Does the -tempera- 
ture change? What does it read now? If it changed, fan t.he 
wet thermometer- again, until -its reading stops changing. 
Compare the differences in temperature. 

Discussion of A ctivitie s 1-5 A and I-SB 

Vfter Activity I-SB has been completed, have the students 
discuss their findings. They should compare these results 
with what they found when they moved and fanned their wet 
and dry hands in ftct±vityk-_5A. AlfO, Group Four should 
remind the other students lof ActivitiSfl-1 where tins con- 
taining water and .covered with cloth were placed in flight. 
Some pieces of cloth were wet, and sqme were dry It should 
Sow be possible to understand what- took place m that activity. 



Further Study 



* 



If a wet-dry bulb humidity table 
is available^ some study of ^ 
humidity can be done. Relative 
humidity should be measured at 

various times of the day . It 

would also be useful to measure 
it at various times of the year: 
during dry months and during 
wet morith^fs* 



Discussion should correlate 
humidity with how people feel ; 
as well as with what giants 
are growing during .different 
periods . This study q^utd^be 
part of ari expanded weather 
studies program. 



FRESH AND DRIED FOOD 



Activity f-g COMPARISON OF WEIGHT AND 

This ^activity u^es concepts froto previous activities to study 
how food dries/ Equal arm balances or other means for weigh- 
ing are, needed. Weighing is also done Activities II-l and^ 
2 artWn Securing sulfur in- Part III. Also, when the result: 
of fuMsize dryers are evaluated, the wet weights and dry 
weights of the food dried will be required. 



The 



students may not be familiar with weighing. They could 
'obtain practice by building equal arm balances, making _a . 
set of weights, and weighing various small ^bjects . ^you 
decide to have the students build ^qual arrfT balances , >£he 
instructions in Appendix F can be used. Appendix G attows ways 
oj making improvised sets of weights. ^ 

This activity also involves' determining volume by displacement 
of water. If some students do not know this method. of find- 
ing volume, this activity can serve as an introduction. 



Materials 



'Piece of a large' firm vegetable 
such as potato or cassava 

fp Straight sided jar at least 5 
cm in diameter 



Equal arm balanced or other 
device for compearing weights- 



Cloth which air can circulate 
through \ 

Tray, dish, br/piece of paste- 
board 




Example of ~ 
equal arid balance 



DIAGRAM 13 



Knife to cut potato 
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Material* (cont'd..) 



Each sub-grou 
equipment can 
or hand ou£ 




* Razor blad^f or " scissors J 
cut paper 

1 cm grid sheets 

Ruler 



buld have 
sheared. Di 
sheets • 



^ String 
Wmter 
Pencils 




mafeeri 
ti^student 



als* Weighing 
^nts ju^ follows, 



Cut three pieter|f of potato in cubefe, 4 cm 
each cube. x uo they weigh about the same? 



side- Weigfe 
/not, cut them 

so that all three are the same size, 4 cm on(a side with 
equal weights. 

Cut one piece in<half so that you have two equal pieces. 
How big^is each piece? Measure the half pieces .' 'How. big 
is each edgej? 




/ 



-I 



r 



f ( 

Cut one 4x4x4 piece into 4 equal pieces 
so that ealth piece measures 
1x4x4. f 




DIAGRAM IS 
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i We 



iigh each piece of potato on 
[uai two 2x4x4 pieces? 
as* four 1x4x4 pieces? 




a balance. 
Does dne^ 4x4x4 




one 4x4x4 piece 
eigh the same 



Fill a 

sttrlrtg. Then 
mark the wate 
c|^d the wa ; 



* -Sar - * - 

jar.hall full of water artttlnark the water level with 



Prit one 2x4x4 piece 




ut one ,4oc,4x4 piece of potato in the water, and 
level. Remove the potato. How many cm and iflm 
ise?' - K * 



of" potato in the jar. How marly 



* 3m arid 

mm did the Water- rise? Put the other 2x4x4 piece in^jie water 
Did the water rise to the same level as with the 4x4x4 piece? 
Remove the pieces from the water. Now ""put one 1x4x4 piece in 
the ' water and measure the water risel Then add an^er 1x4x4^ 
fDoes the water rise the same amount?. . .Add the thiija 1x4x4 and 
measure the rise. Add the fourth piep of 1x4x4. Do four 
ofc.the small pieces of potato dhange^he water level the same 
as 5ne Big piece' (4x4x4) ? / ■ - :'• 



Area < 3 

■ —— . V ' _ 

Wipe all the potato pieces dry. How many sides does the 4x4x< 
cube Save? Put the cube on a grid sheet/and trace around each 
side When you h4ve traced around all^jS-the sides, count 
the squares you have traced around. This is how many sq cm 
the cube of potato has on its surface. If you put the cub| 
down on the table how many surfaces can you stb^withoutw lift- 
ing the cube? How many sq cm of the surface can you see? 

Now ctfunt the sides on a 2x4x4 piece of potato, 
surface of the piece on the grid paper, - < 
ber, of sq cm the "surf aces of the piece cove 
sq 'cm are there on the surface? What is it^ 
2x4x4 piece is sitting on the table, wj»|h the large surface 
upward, how many surfaces can you see without lifting the 
piece?'' • — 




Trace around 
)unt the num- 
How many 
irea| When the 



put the 4x4x4 piece and the two 2x4x4 pieces on the table with 
the large surf aces upward. Which has more area that /ou are 
able to see? One 4x4x4 or two 2x4x4 piece's? ^ 



In the same way as with the** larger pieces, 'count the surfaces 
of the 1x4x4 pieces and i^ece around each surface of each of 
the four 1x4x4 pieces^ount the number of sq cm of surface 
on all four 1x4x4 pie cel. Also calculate the number of sq en 
that are exposed to the air if the four pieces are put separat 
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on the table . * ' ^ 

Stack the 1x4x4 pieces. \& is the surface area exposed?, 
- J^jnove one pifece from the /stacks^and 

gj p> it on the\ table. How much more 

ffrea is exposed than when- ^OJ^-four 
Vere stacked? Remove another 
piece from the ^tack and put it 
separately on the table. How 
much more area is exposed now? ; 

/ 

How can a 4x4x4 piece be; cut to 
give more surf^i\area than by- 
cutting four '£*4x4 pieces? 





DIAGRAM 16 



^ j Drying and 

On a large ^feiy or dish or piece of pasteboard., .place -one-- 
4x4x4 piece of potato, one 2*4x4, one 1x4x4, |nd any others 

a decided to try. Measure these new Places ^ you 
know their sizes and weights Put the tray xn a .place where 
it will not be disturbed, ara* cover with cloth. Leave it a 
few days.. What do you think wiU happen to the pieces of , 
pILto? Will they all be the sanfe? Howell the size and 
surface area affect tl^e changes? 



will be doing the 
r; you Say deoiae to 

to be ussed in 
tiese devices are for 
:his, "consider how 



ftctivi 



oas id* 

t£ I-_< 



In 



Teaching Method Altern atives 

While waiting fof the pieces of^potato to ^ry, begin the 
fiext activities. Activities 1-7, l«8A, : I T 8B_, and I »c 
arekritten as if everyone in ,the. cik«r will be doing 
same thing on a particular dayy How 
have certain students build th> devic 
Activities I-8A and I-8B right away, 
measuring angles. If you decide. to do 
wttether or not you want the ;i=lass ^ 
Adtivity 1-9; the students fclke a to cpnden* water 

uJing the heat of the sun spthat pure water can be ob 
tlinld from contaminated water. It is then operated a 
various angles to find the angle at which the most water 
II Produced. However, it requires woodworking skill to 
ouild this device, so you should select students] with this 

1 nd Student wh/are noj ^i^^^^L^he other° 
begin with Activity I-7A, and^stfould then do the other 
activities as soon as the devices are finished.' 

*tiote ■ if the students have trouble c ° nc ^ tuaU ^%^ 0 
connection between a^ea of grid paper and ^ f 

Jieces, cut the grid .paper out and pin vt on the faces of 
the potato cubes. "■■ • 
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Discussion Activity 1-6 " 

When the pieces of potato have dried, have the students report 
on their findings This should include the weight of each 
piece wet and dry, how. mueh time each piece took to dry, wnicn 
pieces dried and which .pieces if any spoiled. The volume of 
each dried piece should be approximated and compared with tne 
Volume of the piece before drying. 

•■• _ \ ' l_ 

during the reporting of findings, you should note the extent 

Jo which the students apply any of the concepts they have been 
exposed to so far. ; 

' / ' \ » • . - - - - 

At the end of the discussion, encourage the students to think 
of suggestions about how food drying may be done best. Tell 
thetti-that after they do some more ^ativities, they will have 
a chance to try out their suggestions. Have the students make 
a list of the suggestions they make now so they can be used . 
in later discussions. i i 

\ , 

* * ' * 



CHAPTER 2. SUN AN D AIR 

The activities in this section emphasize the use of the sun's 
heat energy: They begin with observations of surfaces heated 
by radiatian from the sun. Attention to the Use Of black 
surfaces to aosorb radiant heat is continued. The activities 
also explore the angle .of a surface relative to the sun, and 
the effect of this angle on heat absorption. A familiarity 
with the pisurertient of angles is needed. This offers an op- 
portunity to collaborate with a math teacher. . . ' 

-*' ' - -f' - ■ " ' - ' i. 

The students Will construct a box for condensing water,. and 
maximize the amount collected by controlling the angle . between 
the sun and tire black material at the back of the box. Finally 
activities studying how air moves when it is heated lead to 
the construction of food dryers in Part II. ' 

BACKGROUND I N FORMAT 1 0N_ ON ENERG Y FROM THE SUN ^ f ^ 

The sunfcont/inuously gives off lar|e amounts of energy which 
travel t^rrtsiigh empty space as radiant energy. A small amount 
of this energy reaches the earth, and some is absorbed by the 
atmosphere. The sun's energy exists as. a continuous spectrum 
of different kijids of energy f rom^adio waves to light, heat, - 
ultraviolet and x-rays. r 

On a clear day, most of the sun's heat energy passes through 
the atmosphere and is absorbed by the surface of the earth. 
Dark colored materials absorb most of the heat energy that 
strikes them, while light colored materials reflect much of 
the heat- and light energy that strikes them. Energy that 
strikes materials directly, perpendicular to their surface, 
is the most concentrated as it is spread over only a small - 
area. Energy striking a surface obliquely is spread over a 
larger area and therefore less energy is absorbed per unxt of 
area. The greatest absorption of radiant energy then is Jby 
a dark colored surface that is at a right ang-le to the source 
of energy (sun) . 

+ _ _ _. 

These principles are used in devices which collect solar energ; 
to make that energy usable to people. These devices can be 
used to gather heat energy from the sun to cook, bake, dry, 
heat water, distill waiter, produce electricity, produce steattf 
ahd do other useful things. / 

Because the earth is tilted, it receives more energy on one 
half than on the ot*her; During the months of September througl 
March, the half of the earth south of the equator receives the 
sun's energy more directly and is heated more than the North- 
ern Hemisphere. From March %o September, the northern half . 
jDf the earth receives energy more directly and is heated more 
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than the Southern Hemisphere. ,s tR^ ; unequal heating of 
the earth's surface leads to , some . areas becoming warmer. 
Air above these regions is heated by touching warm land 
and oceans . 

This air expands due to warming and is pushed upward by 
heavier, cooler air. This rushing of cool _ air. td replay 
lighter warm air is the wind. The energy in the wind 
from the sun, and 'can be used to do -work . • 



nes 



Heat; a kind of energy, moves from something of higher temp- 
erature to something of lower temperature in three ways: 



1 , Conduction 



2 . Convection 



heat moves from' one substance to 
another substance that is touching 
the first substance . 

one fluid material heats and expands, 
causing it to rise. and carry heat to 
other areas . 



3. Radiation v heat energy moving. through space that 

is absorbed finally by a material ; 

At the conclusion of Part I, the students will be able to: 

1. name the three ways that heat moves from something — : 
of hi^ffcer temperature to something of lower temper- 
ature . 

2. vary the factors affecting absorption of heat to 
•increase or decrease the amqynt . being absorbed in/ 
a' systejn -they have built / * : :; ' 

3: de.s cribe what happens in a . cp h v.^ c E'ion box heated 
by the sun,; including; radiation, .'conduction, a-nd 
convection iri their description. . . > 



Activity 1-7 RADIATION . ■ > 

Some materials that have sat in the sun absorb more heat and 
feel hotter than other materials. Which materials collect 
the sun's heat efficiently? 



Materials 




Sub-groOp size: Two or three 
studentsV. All the sub-groups 
follow the same. procedure. 




1 Smoky flame for 
costing tiles and tins 
with soot,^such as a 
candle or a paraffin 
burner 



67 



59 



Materials (cant f d. ) 



7 



4 3 Clay tiles y bricks, or 
blocks molded fr.dm soil 
taken from termite mounds 

' ' & 
Thermometer or other method 
of measuring temperature, 
(see Appendix E )/ ( 
^ X \ 

Flat glass or clear plastic 
sheet - - 



2 Tins of the same size 
Matches ; 
Water 

White paint; cassava 'paste, 
or whitewash 



Watch or other timer 




If you have only one thermometer , . one person can circulate 
among the sub-groups to make the temperature measurements . _ 
Soil from termite mounds can be mixed withvfeter and molded 
into blocks if other clay tiles or bricks are not availaole. 
Each sub-group should have three tiles: one that is coated 
on one surface with soot from a candle flame; one that is 
coated •wi.th whitewash., white pain£ or paste made from cas- 
sava- or a similar food starch; and bne : thSt :s left un- 
coated. : These tiles should be kept in a shady piac^ fQr .f" 
few hou^s before the activity, where their temperature will 
not have been raised by exposure to, sunlight. 



Procedure for All Sid? -Groups 

the three tiles out in the sun with- th 
upwards: Take the temperature of the tile 
put them out. After thirty minutes, take 
again. Which tile 'became the warmest? Wh 
temperature, stand sf& the thermometer and 
the shade of your body. If the therjnomete 
directly from the sun, , it gives a false re 
ters should be stored in' the shade because 
them to fee come too hot-and break if the te 
goes beyond the maximum . ■ 



e colored surfaces 
s when you .first . 
their temperature 
lie measuring the 
the tile are in 
r receives heat 
ading. 'Thermo me- 
.it is possible for 
mperature reading 



further S^Udy 

Take the temperatare of each block at 
ten minute intervals. Make a time vs, 
temperature graph for heating of the 
blocks . 



4- 



A 4 



BE 



6b 



While the blocks of clay are iyirig-^xposed to 'the sun, dach 
sub-group should gather two tins of the same size. One tin 
should be covered with soot from a candle, one should be 
i?f^_?5? n y-_ FiLl each tin to the top with water- and tak^jf , 
the temperature of the water^ _?i ac: e the tins in the sun, 
after fiveTminutes take the temperature. ^Record the tempera- 
ture in a table like this: £ ; 1 



Water Temperature at Five Minute Intervals 




e 


5 




15 


26 


25 


36 


Shiny Tin 






1 x — 






r 

"« 




Black Tin 


•• i 
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Record the : temperatures every fivte minutes and write them 
in the table yr ■ Continue recording the temperature for thirty 
minutes. Leaye the tins in the sun and measure the tempera- 
ture .again aftj^jr' two hours and, if possible, 'after four hours 
What is the h i^lte^^tempe r a t ur e reached?, Draw a graph from 
this t empe ratur.e re dfijtecje'd on the table. 



■Water? : 1fetnpe.r attire vs.- Time in Sunlight 



i-5 



Temp . 



•t. *■ 




- *T j ;? 



10 15 



•Vjhich tin, absorbs 
moat hfcat ? m 




20 * 



•bs.'-^f^ .'most dieat? absorbs the 



•9 



9 



i 4 



' Eurther Study * 

1; hay several pieces of clbth oat in the sun. 
Some dark colors * sorae^ light colors. 
After a few minutes feel thera: 

2: Pat a band of dark cloth around one arm, or 
leg- Put a band of light cloth around the 
ofher arm or l^g. Lie down in- the sunlight 
for a short ^tirne . 

Which colors absorb the most heat? 

■ * * -*■ 

Which colors are not good absorbers? 

Which colors reflect the. most sunlight? . 
The least sunlight? : . " 

X > (The reflection is judged by the brightness 
of the cloth when you look' at it in 
sun 1 ight 5 . ^ r 



Irf sur 



Sometime during the class period; gut^ your hand iri sunlight 
then out your hand behind' a piece of glass or clear plas 
tit so thai the sun shines through the clear catena onto 
your hand. Does your hand feel warmer or cooler behind 
Se clear material? Does the clear material . stfljfc all the 
^•s hilt* Part-of it? None of it?^h| air 
mostly clear on a sunny day. Do- you think the air *s tops 
much of the suri'sfheat from -coming to you? Do clouds 
stop - the sun's Heat from reaching you? , . 

Discuss your results with the other sub- groups. 



Activity X- 



■ 8 A MA$URm5-WR ANGLE OF sWlTGHT 



Discuss 
the sky 
higher 
how 



C d ti t i o h 
You can 

a I a v a I I 



At what time Of tfte day. is the sun highest in 
o - how high ddesx.the sun get? Does We sun get 
ih some eeasQf^'thart ;ih^thers? How can we measure 
the sun gets: afr* /fc'he . $7ty? B - * 

You can Ja\a$e'tyoux> %yc^' by 
uluj the j'o 1 1 oxo in a fa v i cur.t 6 Wfi 
on o-f the • nun ri I fhx>^ look 



%xrui look'!, n/j 



looking at the 
\avure tha angle 
at it direct 1 y . 



' un . 

of 
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Materials 



6 pieces of wood; 
reed 



bamboo or 



Hammer 



■J 



Nails or pegs and-Ja^ d,ri 11 , 

Heavy paper or cardboard ;f or 
making a prbtracioxr'/ A , 



protractoir-- 
Stonp, bolt or iu^Sar-. ; 



weight 



2. tins with both ends 
cut * out 



Newspaper or other large paper String 



Saw or krjife 
•Protrac^r 

Heavier stones, bricks 
or logs f 



A 



Atfi-Cviuy I- 8 A BUILVM&*'aN ANGL 



ring ' ' biisaWOtf sunlight. - 




DIAGRAM 17 



Mdke. a roll of newspaper by ■> rolling • 
-he paper around two tins from 
which both ends have been cut out . 
You should be able to see down the 
center of the "ro^l. Tie the roll 
with stririg. to- keep it from 
unrolling'.' Cut six pieces of 
wood cm longer than the . roil 
of paper. Hammer a thin *n.ai 1 
or peg into one piece of wood 
2 cm. from the. end," then drive 
the. nail into a second piece 
of wood, also 2 cm^ from the 
vrehd. The pieces of wood should, 
be * 3b le to rotate. Nail a third 
piece oi wood^to the other end 

'of the first-piece in the same way. : 
Nail the other three pieces of wood together in the same 
manner.. Make a copy of a protractor on a piece of card- 
board. Nail the cardboard protractor to the middle of one 
of these, as shown in Diagram 17. Make the straight edge 
run at right Sngles to the piece of wood, with tfce 99 - 
mark centered on the piece of wood. Hammer a smell nail 
into the protractor at the center of the\ straight ■ fidge 
of the protractor. It should stick out about one 
centimeter because a string with a weight will be filed to 
it as shown, in Diagram 19. - ** 

Tie th^ rol ] of paper onto the two center pieces of wood, 
with string <ir> shown in Diagram IB. .Cut another piece oi 
string as long as the distance 'from the protragtor to the 
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e 

arid 



nd of the center piece ofwoo^ Tie a weight to the string, 
rid tie the other end onto tHeJfiail. 

c 




device 
shqafrig 



blAGRAM 18 



Weight, bin lower ie,s_ down with stones. gf^^*™ ' the 




sun un 
the bo 
above 

crosses the protractor.. 




'DIAGRAM 19 



Using this device, measure the angle of^ sun throughout; 
the day. Each sub-group should use, ,th|s fevice ynti 1 - 
everyone is familiar with the measurement, of angles.. Airjr 
nately, each sub-group, could build one device, 
can be used at different times of the year 
weather studies;. 



The device 
seasons - for 



72 



ERIC 



64 




Mount a mirror at the bottom of the 
tube between t^he pieces of wood for 
viewing the tno&n and stars as part* of 
a unit on studying the skie^; The 
device can be used to measare the 
elevation of heavenly bodies: 



Activity- I-8& MEASURING THE ANGLE OF SUNLIGHT 

i ' , ' ,r m }:\ ' " " 

What afigjve^g t^e best for heating' 




I* 



Materials 



V 



Tiles or bricks used in ( 
Activity 1-7 ' 
*■ ' 

A smoky flame 

- - Q 

Matches 
Thermomete l ^ 




St ring ^ 

Washers or bottle tops for 
weights 

Small nails " . - ' 



Pieces of wood ; a little 
longer than one- side of 
Square pieces of cardboard the square cardboard 
for makincj protractors 

... ' Protractors 



How to Make an Elevation 'Angle- Measuring Devic e ■ 

Draw -a protractor on a square pieceS of cardboard . Artach a 

piece pf wood to the cardboard as shown in Diagram 20. The 

nail at the center of the straight side of the protractor 
should stick out , so .the string with a weight at the end 
can swing freely from it. If a bottletop is being used as 
a; weight/ hammer a small hole in it using a nail. Adjust 
the length of the string so the weight does not reach the 
edge of 'tFie cardboard in any position: 

To use this device, hold a straight edge of the cardboard 
agaihut the surface whbse* angle is to be measured. The 
string crosses the edge of the protractor to show the num- 
ber of degrees away froiii the hor i zori t al x the surface is. , .v- 
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This is "the elevation angle of the surface. For example, 
if held under a table, the reading^shduld be 0 degrees. , 
If held/against a wall, the reading should be 90 degrees; 



Aft fir-^gv eryone is -familiar with, measuring the elevation 
of the sun,, the w^y the sun fieats surfaces which aire 
set at different angles to , the Sunlight can be investi- 
gated. . The results} of Activity. 1-7 show that dark sur- 
faces absorb more hjB^t;,, than light surfaces- Now, blacken 
one surface of eagft- xile with spot "from a smoky flame; ~ 
Before putti^^sStheSti les in sunlight, measure and record 
their temperatures. Bring "the- tiles out in the sunlight 
and tilt one so that it faces the. sun directly . With^ 
an eleVation angle measuring device, measure the angle 
of; the tilt. It should b£ at right angles to the sunlight, 
•The elevation angle measuring device should show an angle 
90 degrees different than the angle measuring tube for 
* sunlight shows on its protractor. 

Another tile, can be laid flat on the ground. How many 
degrees from the horizontal, is _it? Stand one tile 
.straight i|p..- » Use rocks to hold it upright. How . 
TiTi^ny degrees/ from the horizontal is_ this tile? Put 
^..ahobher -tile w^fch its edge, facing the sun. How many 
■•}<|^grees is it ; Froiii the tile which* faces the sun? 

Wlii ch . t % 1 e do* .y oti ^$pe c t to heat £>est? Wtjich one do 



you 



_ :ect. <p be head least? Af te^ kavferal 'minutes, V 

m^#t^e y th^; ten^e,tft£tir e of the t/il&sf with a thermometer • 

or feef J %Iiem ^^your^hand. Which til,e is heated the most? 
Alriibst as much? The least? Is this' what you expected? 
How would you' explain this to another s tifd^nt? 



Activity I -SO MEASURING THE ANGLE 0F- 

Why do surfaces facing the* sun directly heat better 
than surfaces at an angle to the direct rays? 




Material!. 



1 cm g^icl paper 
Angle m^suiTing tube 
Protractor 



Fiat cardboard rectangular 
pieces v '. 



Tape 



Angle measuring dcv^s 
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ggea e&re for Sub-Groups 

— 1 a 

' Tape a sheet of 1 cm grid paper to a board book or other flat 
rigid object. Tilt the grid paper to face the sun directly 
at the angle measured by the angle measuring tube. Place a r 

' recklnqular^ piece of cardboard smaller than the gnd^paper 
, over the grid paper. Tape the.- cardboard along one edge so 
that the edge lines up with brie grid line : Trace the card- _ 
board outline onto the grid paper. Count the number of square 
cm the cardboard covered. Measuring with a protractor, lire 
the cardboard rectangle 20° from the grid paper and trace -the 
edge of the shadow. Count the squares that are inside' this 
line. Did the shadow of the cardboard cover more or/less 
grid paper than when the cardboard was flat3 — Dj.d tpfe cara 
board tilted at 20° catch more or less ; s u$ i ghjs£h*h ,^en 
it .was flat?.. Measuring &Ui a protractor, til^he ^ardboard 
Uplat.a 40° angle from the paper. Trace around the shadow $ 
edjfe is the area covered by this shadow more or less than 
aV ? I"20 e angleT Tilt the cardboard a* a 60° angle and trace 

- ?he shadow. 9 How many square am of flight does the cardboard 

- catch at a 60° angle? -Do the same for 80 , then 90 . Refer 
• back to the tiles, in Activity I-8B. Which tale was heated 
most in the sunlight? Why did one heat more than the Other. 
Discuss the results with the .other groups. How .would you 
explain this to other students? - 



Eufcther Study 

Stand in front of the cardboard and grid 
paper so that the shadow of your head is 
on the cardboard. You are looking now at 
"the cardboard from the same way the sun 
does: Put the cardboard flat on the 
grid paper. Have;' somebody else lift it 
op by a free edge . Which way do you see 
more cardboard? Which way do you see 
less cardboard? How can you tilt the 
cardboard so that you do not see any of 
the surface? At which angle would the 
V. cardboard heat best from the sun? Why? 

Report your findings to the class. 
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'ING THE SUN* TQi PURIFY 




The preceding activities have shown the relationship be- 
tween the angle at which the sun strikes a; surface , the 
color of the surface, and the heating of the surface by 
the sun's rajfo^^ 

The following device uses the sun's heat to evaporate water. 
The water condenses on a flat piece of glass that is heated 
less than the t dark surface below it. Water runs down trie 
glass surf ace, which is sloped, and is collected in -a: trough . 
Water -is fed -into the box by a tube leading from a container 
of contaminated water.' This device cal Is for a greater 
degree of woodworking skill than previous activities . Sojhe 
of the construction coul^l be done in the woodworki ng class, 
collaborating with the woodworking teacher . The basic d^sgtgn 
presented can be modified to fit the local materials ,y4fools 
and woodworking ski lis . TtSs box may be -made as large as 
desired, limited by the si ze of glass or clear p^ds^t ic avail- 
able to pover the top surface . 

. Materials ^ & ' 

.. _. . _ ' ; r * 

4 pieces wood, making * Clear plastic or glass, 
the s ides of the box, * making the top. 

planed and sanded, sealed 1 _ _. p j - j 

if poss ible . . Crack sealer: use What is 

available . / 
Boards , making the bottom : . r / 

fe Black cloth; covering Ae 
Bamboo tube, _about _ bottom 

diameter, 5 cm longer than . : 

the width of the box. Large tin and a piece, of a 

■ ■ large tin 

Nails 

Saw 

* r 

Hammer - - . 

■ r. ■■: ■ Drill ^ ) ' 

Metal shears or chisel * w 

* Tape .; 
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The_ bottom of the box may be made^flf'th tighter f itted and 
sealed boards 6r it may be covered with plastic sifeeting / 

hailed. tightly to seal the bottom. Over this son* dark <^ . 

cloth is nailed. A hole, is bored in one side at the upper 
end for* the bamboo trough . The tube is cut in h^lf to serve 
as a trough for water to enter the stili. Small holes are 
bored ig the bamboo trough so the water Vili drip down onto, 
the cloth. Water in the supply tin dripsX through a tiny hole 
into the trough . 'J&ifcl blocks nailed to tVe inside of the 
box hold the bambbd^routjh in place. The collector trough 
for fresh water at the lower end is made ' from metal from, 
a large tin. It is cut_with metal shejars an& bent to form 
a V - shaped channel. It is nailed td thrower end of the 
box with the metal set tightly againstf the wood so that 
no leakage will, occur between metal .aid wood. f he end of 
the metal trough may be set tightly against the wood, or\ 
it may have a piece of metal soldered over the end to fozjw • 
a water-tight' end. 

__ _ . — _ — _ — __ 

The other end "is open f or pure water to drip into a con- 
tainer for -collection. The metal trough passes through a 
hole, bored in the side of the box. A small hole is bored 
in the lower end of the box, below the metal trough, fcJ^ 
extra contaminated water to run out. When all t"he parts 
are installed, .glass cut to size or clear plastic sheeting 
slightly larger than .the toaiei.the box is fastened onto 
the box. The plastic; can bfe nailed over the edges. Glass 
can be set on top with sm/ll blocks of wood nailed on the 
sides of the box, projecting ub to keep the glass from 
sliding :dff . Then the gl\jss rrfey- be taped to keep it sealed 
See additional Diagram 23. 

y 



BACKGROUND INFORMATION, ON CONDUCTION AND CONVECTION 

Energy reaches us from the sun by radiation. By now, the 
students have used this source of heat energy a .number of 
times; In the last several activities , the students learned 
that to collect radiant heat energy effectively, its direction 
has to be taken into account. They also found that dark . # 
colored surfaces absorb radiated heat better than light - 
colored surfaces. . - : 

Heat energy is often transferred from one substance to another 
by conduction. If the two substances fe are touching each other 
and have different temperatures , the cooler substance will 
become warmer as it receives_heat from the hotter substance. 
A table becoming warm' beneath a teacup is an example of heat 
being transferred because substances are in contact with each 
other. The tea warms the cup by toughing it. The cup Warms 
the table by touching it. Movement, of v heat by conduction is 
studied in Activity 1-10. 

If one of the substances involved in transfer of heat_ i^ a 
liquid or a gas/ movement within the. liquid or gas takes place 
while its temperature changes. This movement, which is called 
convection, is studied using air as the gas that moves, in 
Activities I-llA and I-1IB. 



Activity I- 10 



CONDUCTION 




In this activity, the students use the^Sbdy'-s ability, to sense 
differences in temperature to study conduction. '• •;• '> " 



Mali ' rials 

Tins 



Sources of heat such as 
charcoajt burner pr flame 



Table or floor not in sun- 
light. * 

Stones - : ; 

Watch or other t Line r 



Heat the stones on the charcoal burner or flame . While ttiis 
is being done, everyone should note if the tins • and talple feel 
warm or cool. One or two hot stones are put in each tin, and 
the tins are placed on the table or floor, and not moved. 
After about 5 minutes, feel the tins and the table . underneath* 
it . Are they. warmer or cooler than before? : Are the s tones 
warmer or rooler before? Where has heat moved in this 

act ivity ? * ; 
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Teaching Method Alternatives 



Experiments aire provided- for each of; the * four groups in this 
activity, concerning convection. 



Dependina* on how your class is working , you have a choice of 
two alternatives' for teaching convection. " ' - 



1. Have the sub-groups in^leaoh group do the experiment 
outlined for them here . If by how the ^students are 
- able to communicate effectively with -each other when 
each group explains to the rest of the class tfhat 
they have been doing, this procedure will work well. 

If you feel that communication between groups has 
not beep effective, it is suggested instead that 
each experiment should be done by al 1 the groups . 
' The equipment- required to do this would not be 
much more than would otherwise be needed, s in.ce the 
same equipment can be used by different groups on 
successive days. - 



Activity I-11A CONVECTION 



In this activity , how heat is transferred by convection is 
Studied, and a device is built that could function as a 
small food dryer usijjg air heated, k 6y the sun. 



Materials 



Grp up. 



One 



Two 



Three 



Four 



Students in' each sub-group 
Pieces of paper, about 20 cm by_ 25 cm 
Elastic bands or str^in^ 
Thin wire '?' 
Small stones 



Source of heat aucH as a charS 
burner or fire 




3 

2 

V 
1 



83 



-'y 



5 . 



Materials (corit r d. ) 



Scissors or blades to cut paper 

^ ring, or braided cbttbn\ttiat ; - 
produces smoke when glowing 

£Hot charcoal ; 

: Slpall boxes made of .paper, pasteboard 
;or 1 wood ; or tube^ made f rom^jgaper 

Stands made f i tirt lids t^^apport 
hot -charcoal ' '■ -/^ * a 



I 



Candle 1. 

Common pins^:^ - ; 

; ; ' ^ 

Small boxes made of paper or 
pasteboard witft - ope^op * 

Black ink or paint 

Transparent plastic 

MaHehes - x . 

.Pendulum or watch- 



Procedure for Group Xmet 



15> 



Group 



One 



X 



Two 



1 

X 
8 



three 



20 



Pour 




M^ke a tube from paper about 6 to 8 centimeters in diameter 
and about 20 centimeters in length. The wall of the tube . 
should hAjfe a thickness of riot more than 2 or 3 payers of " 
paper befSflise in this activity the students' will feel the 
temperature of the ai> inside the tube. Tie the tube to- 
gether with several elastic bands or pieces of string. 
A $mall _stqrie that has been heated in a fire will hang from 
the roof, of the tube by a thin wire. Make the roof strong 
enough .to support the wire, but thin enough so the tempera- 
ture of the air inside can be felt through the' paper. Fold- 
ing a piece of -paper t;wice is. one way to make a suitable roof 
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wire 



ach a th±Q? piece 
the small' "stone . 
ugh additional 
so that the stone 



or wire « 
Measure p 
mgth of 
will hang 



about half way down the tube\_ 
Plit the stone with the wire at- 
tached on the fire. It should 
become as f\6t as' possible. Solace 
tfie fqbe irPas ffittle breeze as 
possible^ ^t^a"ch _tf^e*fe of the 
wire to ^he gerrfcer a^tj^e, roof/ • 
Lower th^^s^one^int^^feP tube _ % 
•until tiffi/gtSo fare's the end 
of fhe _ "> "f he robf^mus fc be 
#flat and'rfst on the end of the 
tube sg that ^g£f_ are ^o holes- 
for aiV to pas^J^OT of the tube.- 

two minutes 



DIAGRAM 24 



After about 
tube at the bottom/ 
the top , and oh the r 
down whether the tube 



tihe 



*;feel the 
middle, 
.-Write 
feels* cool;, 




warm; or hot ±n>each op • t hese 
places . ^Were you s^rpmsed by 
the temperatxire 'of the tube in^ : 
any of. these places? Repeat the^ 



ryone 
hafic^ 



apt ivity 
did not hJ 
to feel tl 
if there are' any 
gutes ^-ijotfft what pi$££$ of 
the .tube vfere- cooler o.f 
warmer . ' : '"■ ■* •' 




Now cut a small^opening^at 
the top and bottom of the ' 
tu£e. Each .opening should 
be about 1 # square centimeter. 
Heat the stone. Light one end 
of a piece of string or braided 
cotton so that it glows and pro- 
duces smoke but not a great amount 
of hot air. " ; 

the stone in the "tube. Hold , 
smoking end of the string at 
bottom opening in the tube, 
then %t the top opening in 
tube . Try putting it just 
inside each opening, and just 
outside each opening. Watch 
what the smoke does. The waiy 




DIAGRAM 25 
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is th^l 
k No te : 
to see 
placing 



air ' moving? Make a diagram showing hotfV the air tiws. 
J/ d^n^ this in.a fcm^ it' mufbs impossible 

theHmote , try using a larger source of: -moke and^ne- 



the hot'Vt'on* with a. piece bf_hot chart 



placing the not stone wvvn ***** "J-'*"" i&-~I±M* 

caution,s for fire befcahse the charcoal may UWcn t,We 



.Take pre — 



Procedure for Group Too. 1 Do the sale experiment as is done by .Group. 
One. except use a- box. If it poses a difficulty .to ffcake 
you can make tubes - from paper and flatten one side as in 
gram 26. Have the -tube lying ..horizontally , and clgse; ot. 
ends of the tube similar to the way .the roof, is used by 
One. Make two holes r one directly- above the heat source, 
second near the., other end of the box or tube . Use a hot. 
hot charcoal, or a "candle as, source -of fcegt. Test the- flow 
of - air by, holding a piece" of .smoking, sturi* near each^ie^ 
■ Which way does 'the air, flow? Make -a d%g5am showing how , t^e 
air flows. . t, " » : ) 





table 



DIAGRAM 26 

• L- 



have 
directly . 
above 

heat source 



source of. 
heat 





source 

J - °f ' 
smoke 



table 



V 



Cross -sectional view 
DIAGRAM 27 




place a*'> 
in Diagram 28.. Feel 
Make several holes 



Procedure for G roup **fliree ■b.-S^ r : 

7: ■ ; r~*~~ -• . 1 / -v 

Put atibui?. f iyQ hot' stone's^ the ground, 
paper enclosure over ,$|eiti as shown 
whidh partVof * tfte p$p&r get warm, 
abo ut * s qua te £ ce*p t 1 me ters e<|££ alon< 3 th<? bottom edges 
of the enclosure.- Test for Slow of air using a smoking 
string. Then make sevlral similar holes near the top., 
of the enclosure Jest for air fl N ow again. Which way 
does the: air flow? ,Hafce a diagram showing 
flows . 



Which 
how the < air 



pape 

hot 
s ton 



holes- 




hole 



Cross-sect xbrl^J view 



m AGE AM 23 



Procedure fd^j Cr biij*. F° ur> i 

Use a bo^*lh one fele -af each :end, neaf the bottorA^of 
tKe-bo* a^\5bo>n ifi Diag¥|m .2§i . ebat the .bottom of the 
box' 'With blkfe in]c or p^int. Attach^tran^paren^.plastic 

.with- pins fco SSfcalttie- top of the; box.. Leave this in the 
Sunlight" a few minuW, and test 'f orJSi * ,f low using a, 
smoking string. * Test it when the bo* .V±^ horizontal , and 
whten one .end is cropped up, as shown in Diagram 30. This 

' should bo ;done where there is as little*breeze as possible 
Then i>ut Mtie bov horizontal again, and make a hole a^ 
the top ed^ of one of the Sides. Test the flow again. 
If a thefcjnbweter is available, measure the difference- 
in temperature between th| air entering the -box and the 
air leaving the box.* ,\, , ^ 



iff inside 
surface 
black ., 




svlc 



^rbss-seTfcional view 
\ t QIAGRAM 29 
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€ross-sectional view 



DIAGRAM- 20 



-M. 




Crbss-sectl 

DIAGRAM 31 



.After each g%Opp has reported its Results to the rest 
students,: continue with the next activity which cotcl 



of the 
tides 



x Part I. 





V 



In this a'ctiivity all sub-groups neeWiie same materials that 
•were used *V Group 'Four' in Activity I-11A. The students have 
learned that air warmed by a source of heat inside a box tends 
to flow out of the box if there are two holes' in the box, and 
one hole is higher up' than the other hole. .'They have also 
learned that a surface, absorbs tPie most energy from the sun 
if it is at an angle of 90°t with the sunlight. In addition, 
they have been told that for .each. 10 degree centigrade raf^ 
in temperatu^. the relative humidity of air is^ halved. 
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In this activity, the students build boxes that have fcifahs- * 
parent tops. You should Qncour^jt,h^m to produce what they 
think are the most desirable conditi^s inside the box for 
food drying . They shouid design their boxes with following 
questions -in mind: * 



>|CHow can this box make the most effective use of 
the sun? ■ * „ v 

How much temperature rise is- best? 

How much air flow is best? 

« TV*' 

How can ways,, to iiSjust these be built into the 
design of the box*? 



These boxes can be used to dry pieces of food in Activity 
— £1-1; which concerns finding tfie percentage of water in 
various" kinds pf food. 




The students have learned additional procedures an 
in t^e + .activities done since" .t-He summary in Chapte 





$3 - Corice 

r 1 a ""' 



pts 



te procedures include using smoke to detect air 
taring the direction of light, ; measuring, elevat 
; angles of surfaces; cpmputing ratios (kf weight, an 
timating radios of volume. * - 

These concepts include relative humidity; surf ace --to -volume 
ratio, radiation, conduction! -Convection, measuring, volume 
by displacement, evaporation as a me^ns of cooling , "and . ..• 
radiation being directional J> J 




may also 



•have included 
a system where 



For some students, the procedures 
measuring* relative humidity and designing 
everything cannot be maximized and ten effective Balance 
must be sought. * > 



For some students , *tfie concepts may also have ^eluded 
ref lectia^bontrasied with absorption, .and consideration of 
a situatlln where two or more yariables ^rnust be taken into 
account 'simultaneously . A 



The students have now been exposed 
sai^y to- participate knbwledgeably^in 
food dryers . 



3 ■ ■ ' -* . _ 
all t^iev -concepts neces- 

buiS^n%^ahd bpSratigg 
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If yoa are teaching a class which will^eventually face an., 
external examination, it will be worthwhile to look, at the^_ 
syllabus to see how questions are framed that relate to .each 
concept the students have learned in Part I. If there are 
gaps in the students 1 knowledge/ you can teach lessons in- 
terspersed in Part II, so that there will be no confusion 
about the terminqlogy, or calculations your particular Syllabus 
requires . L . r * x % ** : , 

|here are ^e^fal ways bf which' you can assess how much and 
fftat yo|r students havq learned.. One or more of the follow- 
ing methods Inay be appropriate for you situation:, , ■ 



sten to the way students describe their work and 

"""fci on - ^ y 



otherwise participate in. disc 



Observe the way they ha 
v*N their food dryers in Pa 



2. 




igned their boxes and 



3. " Note t^eir answers to speci: 
:. that you pose,. k . C! 

If your teaching is .designed f, 
these infonrtai methods fia^be 
written examinations of know 1 
tt\ep ,< those exams can serve.) 
student^, will need addit iorfa 




c p^&blerAfe and questions 



cal .outcomes only,; ^ v 

^y&L£, however, ^ . 5 , — ^ 
red is a ^quir^^nt^ ^ s 
identify J^^as in which 
uction . .. ; ; .. r 
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v, PART ,11 . FOOD DRYERS 



Whis part _ develops and applies the concepts learned In 
Part I. It. contains activities .concerned with food drying , 
arid activities constructing food dryers. 



v 

(; 



■* *( ) J. a 
diycrit 

tYuuufikiifncril 
\iimtihviu*L ion 




al ternate 
dry err, 

measurement 
Gone t ruction 




.■Mr 



Note': *'(7ihcr 
trigonomcJ.vh^ 




heat 

moisture 

voLurne - wet and dry 
weight- - wet and dry 

area/ - $ret -oriel' dry 
'hunytdity^ j. 
4 at r_ mo veme ni^ 
artcfte. if suzdight 



is' j%d&&elaied work are yag ri culture math and 

^ 4 ^ } ;: • 

Chapter :: 3 ; 'b^1^^^ : l|feh ^' SobcT drying to determine the 

vjater car^tfept df *f oi5d^ J ; ^^cJPume weight arid surface area 
are rryeasUred, e xpand i cjfe food drying activity in 
Chapter* 1 . Heat , air mo\^m£lrit and the angle of sunlight, 
which were introduced In Chjapte^r 2, are explored further 
as .students bui Id and . test ~f mall models of food dryers . 
Asj the, stiudent?s improve the-^ef fectiveness of their small 

^9^iS i^Y ^9^ if Y in ^_^5? m ^_^??Y_ w ?^^ determine which of 
the i IF designs work most effectively. ' 

In Chapter 4, various designs of dryers are presented' v^th 
some f building sugg^ions . These dryers cov<*ra range* of 
designs losing . a' variety of rhatferiali^, -They /cap be modified 

huml5e L r o<£ ways to suit the Ibfcar materialsMnd Jiiimate , '■ 
in accordance with "what 4he :stiii6ents haveU*ea|-ne^with thei 
^^^maiX^dbiryers . ,|oweve^ stude^t^s. maff build a * lar<gfc . dryer^ 
3J &il&Y i&m&Lari Jfch ems e lve^>. 4 Sastead 'o1!^e pe nd i ng bri **&e des 





r -i 
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Some trigonometry Is^re^tiired t# build brie, of the Jdr^ers . 
The m^th class could work oh this aspect while the. science^|^ ; 
class works on Bnother aspect . 6r aribthgr^dryer . . The^ j^i.' 
classes could then build the lkrge 'dr^SS^I^ cbllabdriwv^ly • 
If this is not possible, you ckn m a k^W^ ' Accessary calcu- 
lations and give - the figures ^aitd'..di1l»Q^M|ls to students ^ 
interested in this dryer . } " ' 



rers using 
introduced, 
model can be 
concepts in 
test and Com 
to the result 




from a source- other thafti the sun are also - 
ctricity is available , a very inexpensive 
encouraging the SCTence students to apply 
native situation. Also, the students 1 can 

results of drying foods with sp'TSr dryers 
alternative dryers |coal., paraf f in j\ in 
order to determine the advantages . of various dryers / 

'_ a ; ?■ * 

Bqrtk small and large dryers' can be bui%t with tools the 
sbMents have made. If the students have not made too^s. or 
do not have access to tools, you may want to precede some of 
the activities with tool building (see Reprint 35*), If each- 
gj^oup of students has a set of tools, the problem-solving 
activities can run more smoothly. 



Getting the Community interested 



To increase the likelihdpd^ of the* methods and skills , Jpeingj 
generalized, try to involve the community as you and^the. 
students gather materials for the activities. (Some items 
mky be donated also.; Are dry mild,^ bulgar wheat, and other 
dry staples available in the local area?) Would'- a local 
restaurant ownjfer give food .to the science class, in excMnge 
for , dried -io^fi during the season* of shortage/ thus imncoving 
the menu anfi saving money on purchases of expensive imported 
items? Wouisd farmers give their extra perishable crops in 
'exchange for Kl*v*ng some * of it dried? Are there international 
agencies or businesses in the area? .Would they donate food- 
br "money for' food for the project? What could the science 
class offer them? 

Presenting the food drying project as a potential community 
service increases the likelihood of assistance, and provides 
a link to the community for increased education 

■ . 




Advantages of Food Drying/ and Sofcp* Dryers 



Preserving food by dry 
the season of shortage 
ar£ other reasons for preserving food by drying. . ^ 



g anows for nutritious.;. meals ejjten in 
Besides this obvious advantaged there 



Peace Corps ICE publication #R35, Hen? to \ Make Tools . 
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Drying preserves. t*he u vitamiri, mineraKsJ!^tein 

and fiber content of food ' mo^e^^*^Pjd^^^<is Which .. 

expose it to extremes in tem^r^pp^|j^ee pp/%62 ,174) 




2. Dry foo*d is often more flavorful .than fresh food 
'because even after reparation it is somewhat 
smaller than its original size . The flavor is . 
therefore more concentrated. Eaten dry, the 
flavor and nutrients ate much more concentrated. 

3. Drying costs less than freezing and .canning . 

- & : :. 

4. Dry foods require very little storage space. 

5. Dry foods when kept dry will remain edible, in-. _ k 
dly&nitely. Mold and bacteria can grow only where 

, theri is water . _ -V. v -"i'- 

_w . .'• . ., _.. ^ . 

Solar dryers o^fer further advantages : 

,.1. Solar dryers can maintain high .enough temperatures - 
to eliminate the possibility of mold or bacterial 
spoilage. (See p. 122) Spoilage is. H common with . 
v oper* drying methods, especially . in humid climates. 
Also, if the solar dryer can reach a temperature, of 
55° c,- further " pasteurization is not needed. This 
. saves time and effort.- (See pp. "l55 ', 171^2) * . ■ * ' 

H *jz . Solar energy is free and"~readily available. . 

■ " _ » . " ' . ' : T 

4 r 3;- food in solar dryers i£ protected fr^n dirt and 

animals. :M * ' ' 

_ % _ 

4. Any insects Already ; - in the food will be killed or 
dpiven off by the; high temperature in the dryer. 



5. Th* irise in temperature - irTside the dryer reduces 
+ th^^relative humidity. The .moisture in the food 

is carried off by the heatecJ air .moving around the 
'"food-, • As* rresult , .food can be dried faste^in a 
solar dryer than outside- • ■ 




The student's will learn to identify atfd manipulate -the 
variables involved in" f ood^drying^: , • - 

: # : • "l-V. r -- . > 

J " ■■/ 
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1. * Heat * 

2 . Moisture content 

3 • 'Volume . ' 

4. Weight 

5. Area 

6. Humidity 

7; Air movement , _._ 1 

8. Angle of sunlight^* 

TJiia, will be dpne throughiL&i s cus s ion , activities 
and "testing of small anc^Krge food dryers. 



r 
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CHAPTER 3. PREPARING FOR FOOD DRYING 



Activity II-l WATER CONTENT OF FOODS ■ - 

(See introduction , to II-2, p. 91 j • In Chapter 1, "the st*u- 

dents begarf a preliminary investigation of the water content ; 
of food. In this Activity, students v/eigh various ?9°^?_ 
wet and dry -and calculate the water content. The 'students 
should apply the id|al ^arne d in the 'evaporation activities 
to reduce the^tlme i^^d^B to complete the activity.. They will 
begin also ^^^fe^w^i format ipn about food types to use 
later when SHBBpair^and jterge food dryers are tSuilt and 
tested. . ' 

Each sub-group ; of students shoulcl have a .balance to use for 
• its studies. > * As 'discussed in Appendix G, it is. also a : 
' useful learning experience to .develop oner's own system of 

measures. .'» " ' ' . * ' ; * \ -1 / • 

\ 'v ' ' " ;, ;;":„ ''V£ ? ; V ' 

% By comparing the vet weighty and dry wfe'ight/; the students ca^ 

calculate the percentage df water in fbbV l5 * L 





dried food 



_ ■ _, _ ' _ - _• . >£j ' . .•• * S'-'' - '"" ~ 

* See Appendix F for instructions on how to design ^n^__build 



equal arm balajioes 



0 

ERIC 



i 88 



Formula : 



Final Dry Weight 
First Wet Weight 



x 100 



■A 
r 



Food consent i riutrifehts 
and fifcer and some water 



=- F 



Example : 



1 bbftlec 



2E_ 



4 bottlecaps 



100% - F 

: j 



x 100 



Water content ; removed 
by drying 



= 25% Food Content 



= w 



100% - 25% = 75% Water Content 



ft 
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The students also can compare the volume of*, food pieces wet 
arid dry. For some food items, this wouJkd be an approximation. 
For example, mango slices- can- lie put -in a straight sided jar 
and the volume of a Cylinder can be calculated for the space 
the wet slices occupy and the space the, dry 'pieces occupy . 
Far other food items which* can be cut in geometric shapes , 
such as potato or melon, the volume can b§ ??l??i atec * directly. 
Using -grid sheets may facilitate, this measurement. * 



V 



Further StAidy * ' ' 

- • ; ' _* 

If math is to be emphas ized , encourage your students 
to calculate ^the volumes of their" food pieces using 
the following formulas: , 



Cube - 

Rectangular 
Prism 



V=S 
S=0ne 



diraens idn 



V=ldw 
l=length 
d^depth 
w=width 



Cylinder ^=TTr h 

TS * ..... 
• r=radius 

h -height 



Sphere 



... i 97 
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As a guideline, dried fxuit and vegetables hav^ 1/6 - 1/3 
the volume and around 10 ^ 20% the water of tfceir original 
fresh state". ^ . . k j 

Have soap and basins- available and encourage everyone to Was*i 
their hands -before handling food. -Have the students clean 
the food also before preparing it for drying. Encourage _ 
sanitary conditions during theactivities . Some das cuss $ton _ 
of the reasons for sanitation rpey.be developed as the students. 
Work oh .their experiments . Note 'also- the pre-dryirig pro- 
cedures -outlined in Chaptei^jB. 



Materials ' * 

- : t ' ■ «, _-_ _ ; 

Vegetable : potato , cassava, 

*f carrot ; \ celery 
; _ . ; Fruit:', banana^ mango, ^melon. 
• Cereal lor* seed: 7 bean, rice, 




Equal arm balance 
other device f or 
pari-rig weights 



<sorgh\im 
Rrot^irf: 



fish , cheese 



(Ufee food itesns available . 
Although ' £+i is useful ^'to test 
a variety nf^ foods 'to compare ! 
the water contents and drying 
times , it is not necessary to 
have one of each food to test) 



JBgttlecaps, £ihs or simi- 
^•lat i-terns to Be u&ed 'as 
weights. 

One small dish or piece of 
pasteboard for each piece^ 
. of food to be dried 

■ ' i ' . . * • 

6 ' 1 cm grid sheet 

Straight sided jar to .cal- 
culate approximate volume 



Ra«zor or similar J t cutt in<| 'tool String 



Water • 



Basin , bowl or 'bucket 



Ruler . 

Soap , • - « 

Cloth'; cheesecloth,- gauze , 
nylon tulle 



Each sub-group should . have one set Sf materials. Weighing - 
equipment- and basins can be? shared.'- Direct |he students 
as follows or hand out work sheets. . 

After washing your hands,, take one , |£qd< sample. Check to see 
thafe your sub-group ha's a -variety 'o^ food samplfes . .Cut the 
clean ,f bod sample so that yap^an measure and dry it Food . 



Pieces shoul.d 



for sampling' should be" gathered when ripe 
be selected w"nich have no cracks, bruises 6f rotten spots, • 
Bad spots should be cut but . (See pp . .175-177) . 



9S 



First ;^ measure the cut piece. \ What is its area,? What is its 
volume? Record this information. 



Next, select a ^i?^_9 r pasteboard piece, weigh it and record 
the 'weight . Place the cut food piece on the dish and weigh" 
them 'together . Record the result; I 

Place t*he food; piece and board or dish iri a w^irm plage and 
cover it with *a piece of cloth. N<?te the time and' location! 
Leave it for a number of hour$ br until the next day. Then 
weigh it (food and dish) and record the weight. _ Wait* again 
for soS time and weigh it and record weight. , Continue to 
wait, weigh, Shd record until therk- ip no change .in the* weight 
Wh^it is" happening? Why is there no more change in weight? . 



Next 
vol 
Whji't 
volume? 



•• . t • - ... ... .- • ■- 

measure the food piece.- What is its area? What is its 
? How does this volume .fconipare* with the- first volume? 
f ractiph or percentage of the first* volume is; the final 



Compare the first weight of the food' with the fingl v/eight ; 
of the food^ ' What fraction or percentage of the first weight 
is the final weight? How 'much water has evaporated from the' 
food? What percentage is. the water content of the food sam- 
ple? How does this food cofhpare with the other foods? How . 
long dictf it take to reach a f in'al weight? How does the time 
compare witfc the other . foods? Howt long di d . i-t take to reach 
a final: weight? 4 Bow does the- time compare v^Lth the .other- 
foods? With the same food dried in a different location? 

; : - t ' . ' ' 

Report jour findings ..to the .rest . of the students . Some of, ; -. 
the results can be presented in this form of a gri 



weight 
of food 




r 



t ixfie drying ^» 
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- Activity /SMALL '■SOLAR FOOD DRYERS 



ft 



In _this activity >/ students be§in. to apply the concepts ; lqarged 
and information gathered in PSr^: I . This activity iinfcs^^fch 
the last activity of • Part I s Activity jj-i 1, where the stu^nts 
discuss arid dfesicfh food dryers. You.can do this activity;/ 
before, , during dir after- Activity^ ir-'f depending on ,the/areas 
of student interest and w|iat is, jhost convenient for^ you. 



Materials 



Tins and pieces of metal 
from tins 



Aluminum ^oil or . aluminum ^ 
paint ' j 



'Black paint, soot or blaok| Cotton gauze , ' nylon tulle , 



cloth ^ 
Wood 

t t " - t - 

.-' Pasteboard on wood boxes 

j Paste or cemen^: & or othe^ 
adhesive $ • 

Thermometers r 



mosquito netting 
Nails 

G^ass or plastic;. 

One type of % _ food to^lice 
for drying tests' prefer- 
ably' one that does not 
s^pcpil re^Siiy . 



(Angle measuring" device). 

Equal arm balances or 
othet devices for weigh- 
ing , , , - * 

Razor blades, knives , 
glass cutter' 



{ 



Soap 

Basins, bowls oV buckets 

i 

R'ulers * 

Hammers, saws, '.chisels/ 
drill, fete. 



$cce£s to enougH materials ; to 
f food- dryers' until they are 

This, activity, as others, 
specially If the construction 
together classes The activity 
r of class periods unt^l the 
ich models ^work most efficiently 
1 environment'. Encourage the . 
designs the students developed 



Each* sub 7 group should have 
build, test and modify thei 
satisfied with th*e resuits . 
can be conducted outside , e 
noi'sf would be distracting 
should continue for a numbe 
si'ifdent s 'have determined wh 
arid effectively in the loca 
use and modification of the 
in Acti vity* . 

Hav^ail the materials in a central locatiori to facilitate 
the building. Ask the students to. build a small device to 
dry food. Let the students know that after they have built 
and tested the small models, the class will build one or 
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/i , . 

more large dryers . _ <AsR - the students, to find out which design 
will dry food the- f alstest . , 

Let the groups x #ork independently. While the students are 
building the. sjRall models , move from group to group to ask 
questions'. , As*'\ questions about the design and how it takes 
£hese var^afelel . into ' consideration? 

How isMifr^air around the food; heated? 



.What way will the air move through' 



What 



would 



be the best location for that model? 



Will moisture gather inside? * - 

__ * \£ - ;?0 . ■ ....{- . X ~ 

What 'would ^apperfc to the device on a windy day? 

What surface color will work best? 

Where w|ll the food tte placed? 

Can the model l e -angle be changed? 

_ _ : m . - > ■ . < _ n 

Some models built' by students are diaaranur.el below: 



plastic 




DIAGRAM 33 
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HaVe one type of ^food. available for cutting and drying. _ 
As each sub-group finishes building its small .model , fc 
including tirays or shelves . (pi 96) _f or the food, have. . 
these students prepare some foSd for-drying. Encourage \ 
the student? to wash' their hands before handling«rhe - I 
food. Ask the students to keep records on their ex- 
periments . 

How did you cut the food? 

What size were" the pieces? • » t 

• what time' of day did you begin" to dry the food pieces? 
What was the weather like? 

Where? did you glace the dryer? ; 
How was the dryer placed? 

What did the food pieces ^weigh wet? What area? 
Volume? * ■ 

How much did the food change ars it dried? 

Did the drying go fast or slow at first? Or was 
the drying rate consistent the whole time? 

«■ 

How long did the drying take? \ ; 

y What was 'the dry ^eight? Area? Volume? 

Ask the students to observe all the models being built . 
and discuss their designs. and ideas between the groups. 

After the drying tests, hav^each groSp report on their * 
"♦'design and the results' to the class 'Fforn this diecus- k 
sion should come ideas for modification of some of the • 
dryer models. These will then be tested." Eventually, % • 
the students should agree ,on which ..designs work best.. • »u 

Then have the students work on the designs of one or „ - . 
more large dryers." |ft this point, there nfSy be some 
collaboration with th* m&t,h -and woodworking classes. 
- Collaborating on Afferent aspects of the same probU< 
or project involves "using time allocated to diffese|" 
subjects-which ard often taudfht by different^ teacher 
When circumstances favor th'is arrangement , learning 
outcomes are often ^enhanced. r- 



em 
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SUMMARY 



. . . / 

The^ students ii<qw- know what jhas to be done to food to dry it 
THey also know hovr to make Sr the many .decisions necessary to ? 

ii^i^aiid an effective dryer, and how to test- arid afijUst laritil 

r . good results are gotten. 



s ~1 



The next activity will be building large dryers. Build the 
designs the students have determined are best suited for\ the 
local environment and materials available , or have them S adapjt<- 
a design ffojm ehapt^r 4.. Alternate heat sources, for drying ' * § 
can be. introduced, if. desired, while the building is going 
on -or after>„the^ students have built and tested the sun heated 
dryers (e . paraffin , coal). , ' 

r 





CHAPTER 4 



BUILDING 



FOOD -P R 






.The 



ers 




here afe samples To use after tli^ 




students have experimented 'with small models. Some may^<not 



il^. 



be appropriate for yoyr local situation. All of^theis can 
modified considerably. Some designs can be used'with the 
sun's heat; or with alternate heat sources./ Some of the* 
dryers "can be- adapted for indoor use -whichj|may be useful 
there is a long wet season. All of the drfers can reach ^ 
temperatures around 45 degrees centigrade and can there- \ 
tore also be -used to incubate yogurt^ sour creanf^nd other 
cultured jnilk producfts . ^ Another modification to consider: 
Can a dryer fc>e ' usqd as a* chick incubator? 

Pood drying trays can be built with a variety, of materia 
(See "Food Preservation Resource Packet . ) The' general 
design is a wooden or met'al frame with cloth /getting, 
woven* wood strips or woven bamboo attached* : mere .must be 
hfcles for "ventilation-. Woven wood, bamboo ^or baling /wire 
trays are sturdier and can be washed and reused more Jthan 
trays made with cl<*th. ' Rubbing the trays with a small 
amourit^of cooking oil keeps the food pieces from staking 
and Makes cleahing easier.. Don't use a material such as 
alumiVium, coRpe^or fiberglass .which can contaminate the 
food. -Generally eacfc 20 square detimeters of tray — — 
-dates * about one kilogram ..of t raw food. It is best to keep 
the- size of the trays small enough to, carry easily. Th,is 



accommo- 



ished \and cut and placed k on the trays 



way, food can be .._ A 

indoors and then carried outdoors and put in the dryer. 

Alsd, thesiodd laden- trays can fc>e movfd easily indoors at 
night or if it should rain. - - _ 



t 9 " SOLAR DRYERS t .;. 

* ; * ; . \ . • Ik.. 

, Threfe very different dryers are describe^ in this sect/Lop. 
i Each dxWer has certain advantages. The students have 

weighedHbe factors af fecting dryef operation, in the local s 
- enviroqmeSt as they bifilt and test ed the mode^ dry^. \ , • 
•/They cSm therefore develop a design appropriate to fhe_difl^ 

cality and the materials available; us>n'g the designs -shown 
i here as a resource for additional ideas. All the dryers ^re 
heated' by solar radiation and operate with convection /current s_ 
of air. The food is enclosed and is protected from dirt and 
pe^ts . All the dryers reach temperature's in thefr optimum 
drying' range: 40° C. to 60° C. Some dryef^ cat! reach this 
range even on overcast days in v the^ colder climates. 
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Site 



Location 



tion but -nor. cooling 



OIL DRUM SOLAR DRYER 



the Sryer should be chosen based oil needs, i.e. 



exposure ^maximum s\in ; -little wind,, enough for ventila- 




As the sunlight, changes direction throughout the day , th$S~ 
Iryer with, its -curved surface lias about -the same area availa- 



ble to collect' solar energy. Once the dryer has warded up, 
the heated air hoves across the food j.nside at a fairly con- 
stant temperature as long as the sun- continues to shioe on it. 

The sun heats the drum.- The air outside th<$ drum is warmed 
by touching the drum/ before it flows into the drum. Two 
layers of plastic # insulate this air from the. cooler air outside, 
This minijjuz<|s unnecessary loss bf heat. .* 

" DIAGRAM 34 t ? - 



Oil Drum 
Solar Dryer 




Below; Cross-section of dryer 
shooing how the . air flows* in 
the bottbmj around 'between^ 
the ' plastyc "and the drum, in 
through 'the holes in the' drumj 
' t qnd out the. ends' hear thk top. 



plastic . 
eet^ 



wood 
bottom 



eross-sectioaal ,view. 4 
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Inside!' the drum th6 cheated air flows past .the. food, and 
gains moisture. It al?o gains.'some additional heat by 
touching the inside of ;th^ drum. Then it leaves the dryer 
through the vent ^t^the tdp-of. each wo'oden end. However,, 
the^* food should; n5r receive much radiation from the drum 
becf^use } |the food may get too hot and cook. - 




blocks 
to . 
support 
drum 



*A. Wake one ^bg these 
*B. Cut two of 'these. 
*C. Make two of these 
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• - - ' s \» 

A black * surf ace absorbs radiation best, and is -also the best 
,sarface to radiate heat. ~~~~~ + ■ 

. . . ( - y 

A light colored surface absorbs radiation poorly because most 
of it is reflected away. A li^ht colored surface is j also the 
poorest- surface to radiate heat.* _ * - 

This is*the reason why the inside of the dr^tfi} is supposed to 
b^ painted a light color. In your locality* it may hot mat- 
ter, but if you don't "paint it and the- food cooks instead t>f 
drying, you should then paint it. 

< \ 

Materials 

~ i ~" - ? 

Oil drum. | Trays (see the first page 

of Chapter 4) 

Chisel and hammer or ^weldihg^ 

torch ,< V Wood for frame 



S 




'clear plastic JBlack- paint or something 

^{similar . 
Cloth for pad -under drum * . / A . 

Aluminum paint or. white^ 
Hinges for door . V wash 

Paint -thinner > Paint brush 

-Tacks or vjfery small Wils Net or. wire to cover 

* \ , * vents 

Nails or pegs . • . 

, • Pegs, wood straps and 

Saw " . * « small blScks « 

; / ■ » 

Hammer 



\ 



★The activities in' Part ;I abdwt radiation a^e concerned with 
' °how tb absorb it mostr *ef f ectively . None of these activities 
deal 7 , with how yon desigr* a heat source. Therefore; th^re has 
been no information given about what sort of source radiates 
he^t Effectively^ and what - radiates heat poorly. 

". '•/ J 
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Both ends of 
frtx'e^ drum are 
removed, and 
three holes 
are cut in 
one side as 
shown here. 




(H i Driim Solar Dryer- 



DIAGRAM 36 



~~ Z - OY L 



(See diagram ) Read through completely .* 

1. Cut the top and bottom (the ends)- ; 'out of the. ; 
oil drunj, using a hammer and chisel or < a weld- 
ing torch. Cut a rectangular piece from each 
area on the side of the * drum between the ridges 
as shown above . J 

• _ _ - -v. 

, * 2. Paint or coat the _ outsiTde black on all surfaces 
that sunlight will reach. Paint the inside with 
aluminum paint or whitewash. 

3. Measure arid cut pieces of wood to make the ends, 
the bottom, and the sides . 

4. Make the ends. N Near the top of each end is one ^ 
vent opening, which shoui'd be covered with net- 
ting or cloth. In one end is a door which, ik 
large enough so that trays ^ can be put in the 
dryer easily. Hinge the door.' 

5. To support -the drum, attach blocks; of wood to- 
s the inside surface of each wooden end . 

• * - / 

6. To prop/ide a place to fasten the inner layer 
bf plastic* attach curved strips of wood, or 
small blocks, of- wood, (at least 2 cm wide) to 

. * - the inside the drum to hold the tra'ys^ 

,8. Nail the cloth paid onto the bottom. Its pur- 
pose is to prevent air from flowing between the 
drum and the bdt^tom. . 
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JO- ' ' f _ _ . 

. • 9. Attach the ends, to the bottom, leaving sufficient 
yr -; space above the ground for air to enter freely. 

The bottom should be <a short distance below, the - 
'. .. blocks or striRS that , will support %he drum; 

the cloth pad to fit firmly against the drum. 

' ....... X 

10. Put the drum on the blocks. 

11. On 'the bottom air vent s4.de, beginning where 
the bottom is attached t6 the ends;, attach a 
layer of plastic to the inside of the curved 
strips " or blocks on ; the ends • Let it hang down 
on the side that is not cut away for the air 
vent. Pull the plastic smooth and attach it 

' to the edge \of the bottom-. Nail the side 

pieqg_6n this sijde only to the bottom. These 
. : • . hails^pass through the plastic you have just 
attached to the bottom. Also hail it to. the 
ends . * a 

12. Place the. other side piece in position . The 
inner plastic is now between the side and the 
bottom. Nail this 'side to the ends only: 
(Most pf the bottom is cut away on this side 
for the air intake) J 

13. Pull the plastic smooth cind attach it to the side 

c- - 

14. Attach che outer plastic sheet to the. ends and 
• ! to the sides. ..Plug any. leaks,. 

15. Position the dryer to take best advantage of 
the sunlight for as many hours of the day, as 



possible . 



MUD WALL SOLAI^DRYER 



This dryer was developed in Tanzania. It is built-in a per- 
manent location so care must be taken yo determine the best . 
direction to position the dryer, and to locate it where, it 
will not be disturbed. It could be built on the school grounds 
or somewhere in the town or village so that community residents 
could use dt. Except for not being movable; this dryer has 
ail the advantages of other solar dryers; making it moTte ef- . 
ficxient and effective than open air drying* and much cheaper 
than drying with alternative heat sources. It also costs very 
little to build, and uses building skills that most people have 
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Materials 

' • * * _ _ 

Plastic sleeve -all dimen- 
sions for the dryer must 
match the plastip' sleeve so 
, that the cover -fijts on the. 
walls. One :^tjftdard size.has 
a circumference fof ^about 240 cm 
' ; and can be gotten v|ri any length 

7 Nails 

String : 

Bamboo tubes the widtTT of the 
dryer (cut ventilation holes) 

Lime or cement or cow dung 

: Hammer *t 

Knife ; 

ipter stick 



Clay soil or termite 
hill soil or some simi- 
lar materiel 

Wood or bamboo poles as 
long* as the dryer 

Boards to cut for end 
pieces for sleeve top 

Reeds, strips or twiys * 

Charcoal powder 

Wood posts about 50 
cm long 

Sana paper or something 
:simi*lar - - 



Mu&*Wcill Dryex* Construction ', . . 

i;' The wood *f reme for the plastic sleeve is. built first 
so/' that the other construction can t>e matched to the 
plastic sleeve roof; ; ' . 

» 

* A. ' Cut the end boards in triangular shapes 
/ . - that will fit in the .plastic . sleeve - 

B. Cut but holes at the. corners and fit and 
nail the poles into these holes. m 

' - ■ • '/.# , ft 

'7 

// 
/ 



DIAGRAM 38 

* 

C. Sand doifrn all the rou^h edges on the 
frame so that "the sleeve will, fit over <p 
the frame without tearing. 

' > D. .Slip the flAast-ijc sleeve ove^r the frame. V 
, V Roll the llxdpss plastic on the ends^a- 
round wo<>d^poles . Draw the rolls up ' 
, ytightJLy «ainst the ends and 10: e .them 

securely . * * J ' 1 

2. * The dryer walls are built ^hext to match the diSeSsions 
of the plastic sleeve roof. ; . \ 

A. Clear and level the site for "the dryer. 

B. -Mark out the dimensions using" pegs driven 
*. in tire ea^th and string drawn between ^the 

pegs ; The corner angles should be 90 

in 

i . ■ 
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The plastic .sleeve roof should ove'rlap the 
outer : edge'of the walls, by 3. to 5. crn^se rain 
will not run off the roof onto the walls: 



C. 'Dig holes for the poles , at' the corners and 

at 25 cm intervals. The holes 'should, if? ^ 
about 25 cm fleep. . ■ -■■ 

• D. Put the poles, in the holes so that they are 
aligned and. all the same height, which 

should be about 25 cm above ground * level . 

- - , \ f 

E. Tie or nail twigs or' reeds connecting the ; 
poles at two or three levels above the 
ground. ' This makes a sturdy frame. / 

F. *Mix the clay orl ^mi.lar substance, to make/ 

a sfhooth mud. Pack this inside the spaces ■- 
between the linjcing reacts. Smooth the mud 
completely over "the inside and outside' of ^ 
the frame to make' smooth walls. - 



G. Mert the tjenjboo .tube vents from side wail 
to side wall 'while the mud is wet. Set them 
it* 50 cm intervals. When the dryer is fin- 
ished, the food trays can^sit on the bamboo 
tubes above the ground to assure good air 
circulation . 

H. Around the top edge of the wall, carve out 
half circle! for exhaust vents. Make sure 
the rest of the top edge of the. wall is smooth 
and lev^l so that^Uhe plastic sleeve roof 
will sit securely on' it. _ 

I. After the mud has dried completely, plaster ' 
over the outside walls with lime, cement or 
cow dung. ' 

J. Mix charcoal powder with mud or some other 

sticky substance and plaster the inside walls 
and the bottom of the dryer with .this black 
paste. 

Build trays to hold the food. The tra#Sn should be 
wide enough to be supported by the bamboo .tubes . < 
Instructions fbr making trays are on the. first page 
of Chapter 4. 'After the trays with fQod have been 
-placed in the dryer, the roof is set on top and can 
be tied down* to pegs to secure it against the wind. 
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COLD FRAME CABINET .SOLAR DRYER/ 7 * 

- — r— ~>. , . \ : -. 

this, rectangular shaped dryer has a,' roof angled to catch the 
optimum solar radiation. The students experimented with this 

^arigle in Part I., Generally, it can be approximated lfpne 

^krvdws the 1^'titu^e of the^arSa;' 1 

• S 



( 



• Lat it ude 


Roof Angle with Horizontal 


0° • 


■ / 

0* . 




• 10* 


■r .0° 


I 


: 20* 


■ io° 


30° 


15° 




40° 


';. 25° 

' 35° 

— -■■-/■ 





The doable layer glass or plastic framed roof is hinged ana 
the food trays, are put in the dryer from the. top. 

The cabinet should beat least three times as long as it is / 
wide to minimize" shading from the- sides. 

The double cabinet wal'ls and bottom are insulated with about 
5 cm of thickness between inside: and outside walls. Wood 
shavings, sawdust, dry organic mat tep animal hairs and other 
similar things can be used for insolation. The double walls 
and bottom are sealed tightly after insulating. 

•j ' . ' ' - 

The inside is coated with black to absorb heat. 

The dryer is set on legs. There are holes along the front 
edge of the: bottom, and along the top of the side and back 
walls. Convection currents or air move in through the bot- 
tom, pass by the food, and out the top. 



*A different way of constructing this type of dryer is de- 
scribed on pages 71 to 82 of the Dryer Models,, section of 
Small Farm Grain Storage, published jointly by VITA and 
the Peace Corps . 
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DIAGRAM 40 



similar to this. 



"instructions for building an insulated dryer sj 

containing many , helpful construction 'techniques SSif°£f S 

nn naoes 59 to 75 of the Dryer Models section of Smfell Fa rm 

Grain g itorlce, published jointly by VITA and the Peace Corps 



'V 
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ABC is a fight triangle. Angle x 'is known ; 3 it is the angle 
for. optimum solar heating. Angle z ^is} 90° : . 



e y 



Angle x 



Thf# framed, glass _or plastic size is known. Therefore, <he 
» hyp>otenuse~^tC) would be known'. ^ ; — 



Since : 



Sin y = p 



Cos y - ^ 



Then : 

N C cos y = A 



v. 



4 ^ 



- - ■- w y 2 - 2 ' T 2 ------ -f 

Also> jsince A + B * C , any side dimension can be calculated 

from £he eqif&tion. For example, if B =.16 and C = 18, then, 

a 



2 2 
16 + A 



18 



2 2 - 2 

A Z = 18 Z - 16 Z 



68 



A = 8.25 

♦As with trie- mud wall solar, dryer, it is good to S^art with glass 
♦ or plastic and t frame the double layer. Then with the J^nown 
dimensions of the lid, the other dimensions can be calculated, 
The ^g lass or plastic may be available only in ^certain widths. 

.The length of ; the lid, and therefore the cabinet, needs to be 
three times the width or more. • , 



Glass or clear plastic 
Naiis ^ 

Wood pieces for legs and 
frame and braces for tr 

Hammer 




> 




Black paint or. charcoal 
paste * ' 

Hinges . , 

od boards for inside and 
outside walls and bottom 

Saw 
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ils (aohi f d\ ) 



Insulating material such 
as sawdust, animal hair 
rags, lint, rice husks 

Wood strips or tape to 
. cover t.he edge of ♦ the 
insulating^iaterial 



Drill 

Short pieces of lamboo or 
Jher tubes to ke^ep insula- 
tion from plugging the vent 
-hples in the -sides and bottom 



As you consider th.se designs for dryers keep « /^g^g 
the students are likely to think of useful ^^^"^^^f 
materials as well as design, introducing a dryer suitable 
for your locality. ' 

After the Ian-, dryers are' ready, proceed with the lessons 
^treatment and preparation of f cod . f 

andiegin preserving usable quantities of fo6d by drying. 



TE R_NA T E_ DR Y E R S 



CABINET DRYER X 
This - dryer is the most complicated design and requires more 

^tmn^^^^^^ -.11 |ef Sdoors 
during the wefseason. This may be Viewed as an advanc e. 
It "can use electricity from a hot plate or similar source, 

convecLiuii <-,- lir(i from the food out through the top. 

S'TwMibirtI coJlaooJate With the woodworking class to 
build Sis dryer? tote: Discuss lungers of- paraffin and 
coal . 




The cabinet 
is diagrammed^ 
below: 



DIAGRAM 42 
■0 
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Materials 

"Wood ' ; 

^ . Hamme r 

Wbpd* stripe about 2 pm by 
s 4 cm /to hold, shelves'" 




Wood pieces about 4 cm by 
4 'Cm fbY the frame 



# Hinges> and latches for the 
doors 



Saw 
Ruler 



Wide wood pieces for sides, 
back, doors and top (or 
bamboo or reed mats) 
. » » • » 

Trays that can slide into 
the" cabinet 

Nails ^ > 



You can adjust the dimensions to fit the materials available. 
' Generally, the cabinet dryer is about 2\ to 3 times as. tall 
as it is wide. Also, if other dryers are being tyailt, it is 
a good idea to make a standard Size tray that wi^Ll f^tlali 
the dryers; this consideration-alsp affects the choiVfe of 
dimensions. "The trays should.be less deep than the ditter to 
allow »for circulation of the warmed air so- that the mois- 
ture is lifted from the food and carried out. 

The walls of fhe cabinet can be constructed With wide pieces . 
of wood Or can be built with a numbdr of thin ^strips. fit 
tightly together and sealed or lined with plas,tic. Split 
bamboo strips,, woven bamboo or reed/mats can be used as 
walls if lined well with plastic afid Hailed to a wood frame. 

' Asi with other "dryers , check the temperature with a thermome- 
ter placed on % tray or hanging from a tray. Adjust the 
heat source or the sliding top as indicated by th 
ture. 



le tempera 




SOLAR CABINET DRYER 



outdoors, since the food 



The cabinet dryer can also be used 

is protected from dirt, insects, rodents and birds. By at- 
taching a solar plate' collector to the base, the air can 
be warmed using the sun's heat.* The device used in Activity 
I-11B is a simple, solar pljate collector. Solar radiation 
passes through the clear cflass or plastic and is absorbed 
by the black surface." Air moving through the collector is_ 
heated and moves up out of the collector by convection, 
solar plate collector shown below .uses black coated corruga-^ 
ted metal to absorb the radiation. The heat is then trans-, * 
f erred to the air inside which is. touching the metal . This 
collector has a double panel of glass or plastic to insulate 
the warm air' inside. If only one thickness of glass or 
pllstib is ueed. the air inside can lose much heat by touching 
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the transparent material which is cabled by the air: outside. 
In this collector, the air passes oil both sides of the^heated^ 
ifretal, as 'shown in the diagram. 

Ti\e solar plate collector is attached to the cabinet with pegs 
or screws. The angle of t"he collector should be the angle 
that ^resulted in the best heating in the experiments in Bart I 
\I£ ybU make Its connection to the cabinet flexible, the col- 
lector i'can be raised or lowered at the base to adjust for the 
optimum angle. t - \ ' ' ' 
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L^HT BULB DfiYER 

■if crops mature and spoii... during a .cloudy time of year in- 
your locality, and electricity is available or can be^ .gen- 
erated, this dryer may be useful. 

It is simpie and inexpensive to build. . ^ . could f ^° w ^ ch 
kept in the claWoom and used for pasteurising food w£||h 
haS been drie-d in the ^ in ..solar, .dryers that do. not reach 
pasteurizing temperatures. This small dryer reaches a range 
of 55* to 60* C. after heating for a beriod of time. jThis 
dryer was adapted from an Organi r den i ng_J._ Farming maga- 
zine design.! . I 



\ ■ • 



Material t 



JQ. 



.50 watt licfti* bulb * s 

Cardboard or wood to make 
two boxes 

Aluminum f^>il or " aluminum 
pa i rift i " 

Hammer * r 

"ft__i ■• 

-Metal she^t cut, to "fit top \ 
of box or a cbbkie sheet that 
fits the box.. > 



r 



yLight socket, base, cord and 
_^plug $ 



2 . 



\ 



3. 



Small nails ^ ■ 
Knife *or scisfors 

' Screwdriver 

.Saw • 

qhisel ^ . * 

Wack paint add* • 
brustK of' black : _ 
olotft and cement or 
a smoky Aflame for 
coating the bottom of 
t^e metal sheet -with 
sbotj ._ 



Paint the -bottom of Vhe/met;al "sheet black . or 
cement* blagk cloth to the bottom or cottlr the 
bottom with scot . . ■ T 

Line the inside, of box with alumi/um /paint ^ - 
One could use other shiny subsban^to line the 
box; 'the. object is to create. reflective sur- ; 
f ace* td> focus the. light and heat on the black 
bottom of .the'metal sheet which absorbs the heat 

Notch the box or- cut a small opening at the base 
of the. box to pass the . electr i cfel cord through, 
to the "electricity .source . 
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6 . 



^ - . - 

.Set th£ bulb, socket and base in tpe bottom of the 
box.- " 

Make h^igs in 'the metal sheet and place it on* top 
of the box. ■ ' c 

•Make a pasteboard or wood box with no bottom which ■ 
is almost^as large as the tray. It should have 
; holes .along the lower edges of three sides. The top 
should be adjustable to control the flow of* air . J 
leaving the box. > .- •• * 



Covdjp that 

allows air • 

flow but 
ke'epe flies 
'away from food. 



food 
being 
dried 




DIAGRAM -44 



Cross-sectional vi£w 



One 50 watt bulb, is adequate for' 15 to 20 scjUare^ decimeters 
of tray. -If a larger area is set up for drying, use six 50 
watt bulbs for each square meter of area. -£he depth can vary 
considerably; with the bulb placed 20^ to 25 centimeters, below 
ts^e sheet, the -dryer will heat from 20 
an .hour . * ^ " ^" 



to 30° C J within 

After four' hours, the temperature Will be between 



55' 



and 60" C. 



Rub the sheets (tray) iicjli 
slices on it. Each 20 sq 
.abQUt one kilogram *of raw 
8 to 12 hours. This mav 
Place the top box on the 
breezy location, mak^ sur 
the tray so the side r ith 
prevent the flow of & ir f 

to %ee y 



dents experiment to %ee h 

the tray affects the uryi 

insects or dirt, cheesed 

covextn'g the air holes . 



tly with oii 
uare decimet 

food. Dry i 
vary with th 
dryer. If t 
e that. the t 

no holes is 
rom being to 
ow controlli 
ng rate . If 
oth can be d 



before putting food w 

ers of tray space holds 
ng timo averages from 
e relative humidity 
he dryer is* used in a 
op box X$) placed over 

facing the breeze to 
b rapid . Have the stu- 
ng thb flow of air over 

there is concern about 
raped over the upper box, 



The cost of using this dryer can be calculated using the 
following formula: 



watts 
1000 " 



ene rgy 
nr f c e 



square decimeters 
of drying space 



cost per hour per 
s q ua re de c i me t e r of 
drying area 
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For example, in the United States ; electricity costs about 
5 .cents a kilowatt ' hour, so using this dryer for 12 hours 
cbsts about 3 cents. This dryer activity can be tied to 
other electricity studies. Encoufage your students to 
compare this dryer's effectiveness and cost with other 
dryers they build. , " 



SUMMARY 



The students: now have the training and, if they have built 
me 6r more large dryers, .the equipment to preserve sig- 
nificant amounts of food by drying. * 

part III provides the students with "sufficient background in 
tutrition to realize that includihg^ a variety of foods in 
jne's- diet is worth making an effort.- There are also refer- 
ence tablfes and practical guides for designing good diets*, 
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PART III. NUTRITION 



'nutrition 



Simple Food Tests 
ffgcx? ft/peg 
Dibestioh Tests 

■ . i ■ , 

Vitamins & Minerals 




Mold <g Bacteria 



Preservation 



, ^ *Chemistry 

— ^ - *Biology 
Storage aj 



Diet 
Balancing Foods 
Year Round 




This part ^:an be presented as food is being dried and stored. 
A number of lessons will evolve as students test the dif- 
ferent dryers . Some, vegetables and fruit may spoil as stu- 
dents run tests and i earn ^ the mosy productive drying methods . 
When this occurs , lessons on spoilage from mold and bacteria 
can be introduced as well as lessons reinforcing the use of 
preservation and pasteurization methods . The decomposition 
of food by mold and bacteria .is, similar to tlje digestive 
process in humans . As simple food tests and digestion tests 
are being run, students oen. also test spoiled foods ^nd note 
differences between fresh, spoiled and dried' foods'. Th^ 
will emphasize;the value of drying and preserving J foods t as 
well as increase the students ' awareness of the digestive pro- 
cess i " 

The sequence of chapters presented is a suggestion. It is 
best to sequence the chapters as students bring up- issues 
questions and concerns. Lesions on preservation and spoil- 
age and decomposition may precede or follow simple food 
tests bas£d on ihe students 1 questions . In this_section, 
food drying tests are presented before simple food tests 
only as a suggestion for follwoing upon the equipment con- 
structed in Part II. 



> 



CHAPTER 5. FOOD DRYING TESTS 



BACKGROUND INFORMATION ON MOLD AND BACTERIA 

*' Iri this ^€tri£s of legsons, students learn more about the 
impact of mold and bacteria bri the preservation of foods . 
This is important in studying food preservation by* drying 

'because bacteria and molds are found in foods . By in- 

gesting foods contaminated with moid and bacteria, we can 
become i^ected sb>we heed to preserve foods"\f ree of mold 
and bacteria. . (p. 17,8 ) 

These lessQns show the behavior of mold and bacteria under 
different conditions and thereby reinforce the preservation 
arid storage methods necessary to avoid the contamination and 
spoilage of foods . A lesson also shows the digestive pro- 
^ cess, of mold and bacteria and thus emphasizes what will be 

lJferried in the food test and digestion test lessons . 

The discussion of moid and bacteria is offered to .assist 
the teacher in facilitating lessons and directing student 
research. It is not riecessary to include all the . detail in 
the lessons . It is-y^ur choice to interject various pieces ^ 
of infornfatidS in the discussion after the activities . You 
may want to discuss food storage ih association with this 
chapter. (See. p. 178.) 

* z j ' . 0 i ; 

. ' BACTERIA . • f • 

Bacteria are considered plants primarily for classification, 
though many scientists would prefer to put them in a class 
separate from plants and animals. -* Bacteria have the follow- 
ing characteristics : ' i$ -4 

^ 1. Small size; micro-organism. 

2 .. .-.UQfc^tiuiar . 



• ; - ,3. 


Rigid bell wall. 






Reproduction : primarily 
produce spores . 


binary fission ; 




Able to obtain food in a 


soluble form. 


6. 


No chlorophyll . 
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Some examples of bacteria arje : 

_:___„• t .. . . ; - : * : 

..- • .1, Staphylococcus r which ( causes /lhfecfcibhs oh the skin 

*' " and in the respiratory tract. ^ 

^2 . Diplococcus pneumoniae / which causes pneumoni^a. 

3- Salmonella typhi/ which causes typhoid fever and is 
spread througjh contaminated v£ater, milk anjd food. 

4 . Rhizobium,. which is the nitrogen fixing bacteria 

on l^cjumes 1 roots and is quite necessary and bene- 
fr€ikl for plant growth . 

Bacteria sources for the lessons include decaying fruit and 
the dirt under fingernails . - 



MOLD - 

There .aire many types of mold; they are classified by their 
reproductive processes. Molds have the following general 
characteristics: 

1. Multicellular. f 

2. Maj ori ty of mold^j^e composed of many thread-like 
filaments (exception - Slime Molds) . 

^ 3. Filaments are thi/ri walled. ^ ^ 

4 . Repreduct ion : asexual dr sexual ; most mollis hkve 
both cycles. Each mold produces a fruiting body 
/ where sjpores are formed. The spores are thick walled 

5 J . . Ability ta obtain food in a soluble form. 

0 

6. No chlorophyll. ■ 
Some examples of mold are: * 

. i 

1. Rhizopus Nigricans* the. "bread mold." It is a soft/ 

white/ cottony mass with black spore cases . It grows 

oh moist bread/ raw sweet potatoes/ 'and other starchy 

foods . s. i 

y I «* 

2- Pehicillitm gr£>ws commonly on citrus fruits^ forming 
blue-green spots on the fruit. It is used to ma^ke 
the antibiQtic Penicillin and is also used in cheese 
production . » " 
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3. Aspergillus appears reddish or black depending 
on what it grows on; it is similat;to Penicii- 
limn arid is very common. » 

4 a 

A. * Neurospora groins in brea^; on fruit arid on '„ 
f grains. It is-^red. In culture, it l^afe produced 
/ a number of enzymes including Lipase and Trypsin.. ^ 

( ; < ' " . ; #- J ' "\ 

Mold can -be found or; produced for the_iesson$ oh moist bread, 
citrus* fruits and/or by/placing dead flies in stagnant water. 



MOLD 



Mold and bacteria differ in the firpt four characteristics 
listed above/ but have other characteristics in common. 
As mentioned, both mold and bacteria » contain no chlorophyll 
and both are able to obtain food in a soluble form.' Also, 
all mold and bacteria are. killed or made dormant by low 
or high" temperatures or when moisture is low. These fac- 
tors are very important when considering the preservation of 
fbod|s * and will be studied in this chapter. Although bacteria 
arid mold differ, in some ways, the factors important in a dis- 
cussion of food preservation are common to both. For this 
reason „ they will be studied together. Learning the ad- 
vantages of preserving food by drying and employing good 
drying procedures will be the outcome of these lessens ' 

The following diagram on the effect of temperature ^on mold 
and bacterid growth is oi^ered tb..'f acilitate discussion 
while the students prepare materials and during the , tests . 
It is best that the students discover the relationships 
through' the activities ; presenting this diagram before the 



activities might inhibit some problem solving: 



; ^ 




c * 


F-. 
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60 
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16 
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< 

4 


40 
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^30 


-6 
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-18° 


0° 


= 23° 


-10° 




« 


-29°' 


-20° 
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At 115° to 120°C, wi th ste'ara 
.under pressure, even the 
hardiest spores are killed 
in is to 20 minutes*. ' 



Most mold arid "bacteria are 
killed rapidly at . \b6* C (2 12 °F) 



No mo Id or ^bacteri a grow in 
the range of 60° tx> 105 0 C, 
but sjjjme resistent spores 
can sir Vive'. 



Our body temperature is 37 C. 



Most common _niold and bacteria 
grow best at temperatures in 
the r/ange of 18° to 36° 6.- 



No mold or bacteria grow at 
temperatures below -5°e , but 
most spores can survive . . 



45 

' 128 



Pxvp a ra tioK 





Students' w±ii gain' h bettafer awareness of the riee 
cleanliness^ sterilf i^ti<ta and pasteurisation t\qp 
preservation and prfe^ratxtm as tl^ey become ih^alveg 
in the preparation^ o'f materials for this chapter*. Check 




in the local area *f bp resources . Would theatrical meat ^ 
market butcher be willing^to ciphate v ^>ne$? ^ Or would . 
he be 'willing to trade bohes in return for y*e fat that f' 
is irenderea while making gel^iin? Could ^yi^f armer* who 
slaughters ah animal use some of the gelafc/it? , r The usei 
of ge 1 at i jjj^c an be a^secondary objective legr^rj^i in 'this 
series of lessons. VJ j* 

- ^\ 

Agar, which is_ similar to gelatin, may be available. 
It is made with seaweed fifenl the East Indie^y It has' 
some advantages over gelatin, one being a higher melting 
point . Gelatin can be u usetl for these studies , though, 
a/id may bdh^asier to^secure or produce. 

While the students are involved in the preparation of x 
materials, concepts learned in other lessons (solutions , 
colloids^ characteristics of fat, me as urement , evapora- 
tion) can be reinforced through questioning and discus- 
sion. 



CULTURE 



t 4 



Materials 



Animal bones (uncooked or. boiled) Water 



Scple 




Pot 



Pro ae dure 
1 . , 
2. 

4. 

5; 
6. 



Crush the bones to small pieces 



Put the bone pieces in a pot, cover with * 
water and boil for 15 minutes. 

__ ^ ' - - _ _ ' : - 

Cbol. Skim off the fat. (The fat can be used.) 

' ,. . _ - - _ _ - • 

Remove the bone pieces and retain the water. 

:6rind the bones to powder^ leigh." 



The water should equa^ 8-10 times the weight 
of. the bonis. ' Add more water if necessary 
"to obtain this proportion . 



\ 
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7. Return bone pow<3er to ctie pot- 

■ » ■ * 

,8. Boil until evaporated to % the volume. The 
resultant iiquid is gelatin. 

9. Pour gelatin into sterile dishes for the mold 

aod bacteria studies or keep gelatin warm while 
tftk additions are prepared for the activities. 



V ALTERNATIVE CULTURE ' 

If gelatin cannot be produced, potato, cassava, cooked egg 
1 white, or margarine can be sliced ar^d put in dishes with lids 
and ste^il^z^d. The test results with ^this procedure, though, 
are not a£ definitive. It may be useful td*have both types 
v y of Jtiltu^Q dishes prepared and used, especially if the stu- 

y y dents spem unsure about the results ^ > 

k v * ^ S^ ^f _____ _ -- j - 

-Another alternative culture for gfowing,mold and ba&teria 
cinfie made with well cooked cereal/- [ Put cooked cirasal in 
dishes or small jars, covers,' and stferiii^e . , // 

**>^J}& } > . . -. ' ' • - 
1 v if each grovjp of students runs : th<^«££kl series of'te-sts, you 
V will need 18-24 culture dishes total for each group. This ' 

may be- difficult. It is possible to run a test/a-ctivity , _ ^" 
record and discuss results aad then clean, prepare and 
sterilize the Wishes fbr the next test. With this procedure , 
you will need 2 or 3 dishes for each group. Alternately, 
you/can as^itjn one test/activity to eaph group of students 
and have them ccpnduct the tests simultaneously. This would 
require 18-24 dishes * total for the' class (4-6 tests) . 




Lljl2 



TO S^TERIlilZE OR PASTEURIZE 



Sterilizing,, the killing of microorganisms, is done by pla- 
cing the item (dish, stick) 'in an oven, heater, or dryer at 

/4 temperature of .45°- 50° C. r .fo*r one- hour . This is suffiV ; 
cient, to kill most mold aiwi bacteria, except the spore* form- 
ing fikicteria which require^highejr. temperatures. Many spores 

<esi^ higher temperatures and will sprout when placed- in 
i^&o fable conditions . 

Pasteurizing lis a modified, partial sterilization recommended 
for sun dried foods t*iat (may ^ot have been kept at a high 
enough temperatur|/ for the length of time needed to kill 
mi croorganisms (irtbld and bacteria, p/>. 172 , i^J . The pron 
ces's is modified sc that the foo^i is not cooked and the J 
loss of nutrients j_s minimized^. During the mold and bac- 
teria iessbris,. it would be usjtf^ to emphasize the simi- 
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iafities between sterilizing , pastetiH&ifig arid food greserva- L - 



fton methods . 



)3temlization in ah Qyen 



J 



i 



7 





\ 



Another sterilizing procedure uses steam and, thus, reaches 

higher temperatures and kills rrtbre molds and bactetia than 
the other procedure. - ^ ^ 1 1 

, u 



Materials 



ItemS^Jtb be sterilized 
Source of heat 



Lid to pot or can 

Procedure 



it:* 



Watt 



Large ( pot or can wit 
rack or platform 




Put 5 cm oftwater in the pot and place ra ^ k °* 
platform above ttie-water. The dishes/jara €o be 




sterilized 
the water t 
ible^ escap 
minute^ Rej 
keep the po 



put on the rack in the pbt,_ Bring 

iling point team will be vis^. 
>om the cover. Boil foir twenty 

rom the* heat source %o cool. - 
d while codling. £ - ^ 




There are many *ays to adapf; available materials for 
sterilizing arvd pasteurizing. Some models' of food v 
dryers can reach temperatures sufficient forpas- J 
teurizatibri and partial Sterilization and can be used 
to prepare_culture dishes for the mold aAd bacteria 
studies. It is useful to have another alt ernative , 
preferable a steam sterilizer. Students can compare 
results in the dishes/jars sterilized with the differ- 
ent procedures ; this increases the opportunities 
for learning. * - ; 

7* ' I 
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V 



i j% Oven or Sterilizer 




metal or glass cover 



large metal bowl or 
can 

include, rack or plat- 
form if steri lizdMg 
with steam ( chijkeh 
wire, woven bamfoo 3 
corrugate with/holes 
inched can b/ used)*)^ 



^ch&^coal, wchd, gas 
J - heaty source 

charcoal burner ^pit 
or stove 



DIAGRAM 46 
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To Make Transfer Needle a 



.- / i 



Transfer needles are used to tr&rfsfer mold or bacteria 
from their source to a sterilized dish or jar. Each time 
this is done, the student should stserilize the needle by 
heating the end of it in a flame before using the needle 
to transfer -again. , This transfer 'fe© a sterilized dish is 
called planting. 

t 

Materials 



r 



Soft .wood twigs or branches about the size of 
pencils - 



Sewing needles 
Procedure 

Push the needil into the end of the wood leaving 
the needle eye about 3 cm from, the end. 




wood 



needle* 
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Activity III PRELIMINARY INVESTIGATION OF MOLD AN& BACTERIA 

in this activity t students will observe some physical charac- 
teristics of mold and bacteria. This preliminary investigation 
is particularly important if the students have not discovered 
mold and bacteria during other food lessons and activities. 



Materials 



S^ttrce of bacteria and mold (see pfc>. 119-120 ) 
Hand lens ^ 



ERLC 



Have the students observe and teczbrd what they have rioted about 
mold and bacteria. During the discussion, cover such questions 

as i ' ■ " . : 

What does it look like? „ 
I * 

Wherp is iV^ found? 
Have you spen it other places? 
Are tte samples different? How? 
Are son^p larger? • 

How do jthey grow? * 
What is needed? , * 

The preliminary discussion should bring out some questions- to 
test. Sequence the test lessons according to the questions 
the students raise. If the students disduss the need for water 
for mold and bacteria growth, begin with thrs study. .If the 
concern is focused on the type of fopd mold and bacteria grow 
on, b^gin >rith that study. Ask the students how they can check 
how bacteria and mold grow. Far example: How can w« 
whether water is deeded for mold or bacteria to growl 
the students discuss and develop plans to answer^ the que* 
Let the students begin the tests/activities. 



ion. 



The following actiyfties outline^ the kinds of te| 
can perform for soine of the baste questions abo^ ^ 
bacteria.- The students can gain more if they desf< 
procedures themselves ; it is ndt^ecessary to limit the sgu&y 
to the questions presented here. , " * 



students 
>ld arid 
the test 
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Activity 11^2 DO MOLD AND BACTERIA DIGEST COMPLEX FOODS ? 

. • i 
In this activity, students will discover that mold and bac- 
teria themselves digest many of the f pods which we eat. 
.This will reinforce the concept that foods must be ^pre- 
vented from being contaminated by mold or bacteria. An ex- 
ample of a chart for students to use in recording their 
observations fpir t??^ the following activities is 

found a ft.er Activity III-6. 



iiateviats [ '-.' 

Sources of mold and bacteria 
Sterilized culture dishes 
Pieces of protein, carbohydrate and fat 
Transfer needles ' 



/ 



Procedure 



i 




1. Transfer mold and, bacteria to sterilized dishes, 
- each containing a different food type^ 

2; - Label *:he dishes according to fopd type/s 

3. Put the dishes in a warm place £(18-35° C ) §or' 
2 or 3 days . 

4. Observe the varioils dishes ._ Are there differences 
in the size of the mold and baSteria from its 
previous size?,. Aire "there differences from brie 
food type another? What changes have bccufred 
to the original foods? 



5: y r Record your observations and conclusions. 
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Activity III- 3 DO MOLD AWJ BACTERIA, NEED WATER TO *GR()W? 

In' t^if activity, the necessity for'Vater for bacteria and mold 
growtfr is investigated. This is done by planting bacteria in 
wet and dry cultures and observing the differences over a fr^riod 
of a few days . * 



Materials • - 

Sources of mold or bacteria ; . 
Gelatin in sterile dishes 

Light bulb dryer or other solar dryer with cover 
Dry cereal or dried food in sterile dish 
Cooked cereal or fresh food in steri le dish ^ 
Transfer needle 

T 

Procedure 

1. Plant moid and bacteria in some gelatin dishes. Place 
half the samples on a light bulb dryer covered with 

a box or place them in a solar dryer covering the 
open dishes with a box or bowl . Place the other cov- 
ered samples in a warm, dark place. Check all the 
dishes after a few days. Note .the differences- and 
* record the results. 

2. . Place a spoonful of dry cereal or a few pieces of 

dried food in a sterile dish with lid. 

3,. Place a. spoonful of cooked ce real or a few pieces of. 
fresh, food (same kind as dried) in a sterile dish 
with lid. 

__ ^ 

4. Plant each dish with mold 6r bacteria. * 

5. Put the dishes in a dark warm place for a few days. 

6. Check them.. What has happened? ; How do the dishes 
differ? A . y 

7. What can you conclude >bo\it the results? 

. : ; • y 
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Activity III-4 DO MOLD AND BACTERIA GROW. WELL IN LIGHT AND IN DARK ? 

In this activity, students will study the effects of light 
arid darkness on moid and bacteria. 



Matei^ials 

Culture dishes 

Source of mold and bacteria 



Transfer needles 



1. Plant some dishes with mold or bacteria. 

2. Place some of the dishes in a light place such 
as by a window . 

'3. Place the other dishes in a dark place. 

4. After a few days, checj^ the dishes. Observe 
the results and record your findings. 



* * 



Activity III-5 DO MOLD AND BACTERIA GROW BEST IN COLD, WARM OR 
HOT PLACES ? 

In this activity ,_ students investigate whether mold and 
bacteria grow best in cold, warm or >hot places., 

... TV *" . ■ : S 

. Materials - x : . 6 . 

: T ... * \ * 

Culture dishes with covers - Dryer or oven 

Source of mold and bacteria Transfer needles 
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PJ^gnjb fishes as in the other tests and cover with 
li'dsV 



2. Place one in a very cold place such asV tfn a concrete 
floor in a Well .shaded corner. 

3. Place one in a warm place. 

4. Place one dish in a hot place such as.a^Br^ej^ or 
oven. 

5: Check the dishes after a few days. Record your 
findings. 




J 



'Activity TIT-tr. 1)01 S HllN LIGHT KFLL BACTERIA OR MOLD ? 



In this activity, students wiii discover what effect direct 
sunlight has on the growth of •'bacteria and moid. 



Materials. 



■ 

Culture dishes 

* 

Source of mold and bacteria 
Transfer needles 



Direct sur/light 



i . Put moid or bacteria in two steri le dishes 7 

v , 

2 . Place one of the dishes in open sunlight for several 
hours . * 

3. Place the other dish in Ja warm dark place . 



'4^. After a .few hours , . remove the first dish from the y 
sun and place it with the other dish . 

5. Check thelrt after a few days. Record your findings. 



Have the students prepare charts such as the on the foi- 
lp^ihg page. If the class has been divided into groups, 
with each group doing a different a^tivity^ha^e a table 
written on the blackboard, so that each group can record 
and share the results of its activity. Have. the .students 
discuss the differences they have noted and what 'these 
results mean for food storage. • 

What food sources did the moid prefer? 

What sources did the bacteria prefer? - 

______ _ X :, - 

What, conditions slowedhor^ stopped the growth of 
mold and bacteria? ■ * * * 1 

What conditions were necessary for bacteria and. 
npid to survive? 

What would you want to do to make food less appealing 
to moid and bacteria? 

v What does drying food in a solar dryer do that makes 
food last longer? 

Although light and. temperature %ect the growth of bac- 
teria, tl\G amount of moisture is 'the significant differ- , 
ence . Lack of moisture a^pne is sufficient to prevent ( 
the growth of mold and bacteria. This should be empha- 
sized as~ it might not be definitive from the tests and it 
^is' the major, advantage <*f preserving food by drying* 



1 J J 





MOLD 


BACTERIA 


COMMENTS^ 




• * 






Protein 






* 


Carbohydrate . 
Iodine, 


■ 






it. % " 
Dry 


■ 


. ■ - - " * t . - 


r'. . • . / / 


Wet; 

- (dark place) 

<i 




~g - - - 


— h r 


Efrj^y food 








Wet food 








III ' 
Window 

(not direct 
light) 


$ 




' — 

r ^ 


Shade 
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Direct 
sunlight 








Cold 








Warm 
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STS FOR FOOD COMPONENTS . 



BACKGROUND INFORMATION N QN FQOB TYPES 



V 



Several of the tests in this chapter are ; used by chemists 
to analyze chemicals . Chemises look at r feel, smell ar^i 
taste substances as part of preliminary analysis- By 
working with the groups, you can encourage students to 
test and record- their results. 




You may want to perform the tests by yourself beforehand 
tjS become acquainted with the results. This also gives you 
the opportunity to develop directive questions to as"k the 
students as they experiment . You can also anticipate op- 
portunities to re-emphasize things learned in other lessons- 
for example, evaporation and' dehydration while students 
conduct: r $&st 5 , or solubility if basic chemistry lessons 
it earlier . 

the students will: 

learn the basic food types: Sugar/ Protein, 
Starch and Fat by experimenting and observing 
differences. 

* 2. develop record keeping skills as demonstrated by 
the charts and tables produced after the food 
tests have been conducted. 

«^ _ _ 
: 3 . keep diet records to ' learn ywhat types of /food 
they Consume.. Diet records, discussion af^id 
observation of animals will direct students to 
the need for balanced diets . Measurement of 

\^ this learning can be done by having the students 

prepare menus or diets that contain the basic 
food types.- 

The activities^ |re used to identify the basic food types: 
Sugar, Starch, ^Protein and Fat. 



PROPERTIES OF SUGAR 

■ - _ y 

1. ; Sugar is soluble. (Test 1) . Simple sugars are 

absorbed in the human body by direct diffusion. 
: : " Digestion, or chemical breakdown, is not necessary 

* * -* 

2. Suqar turns brown when mixed with iodine (Test 2). 
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V 

3. Sug&r has a sweet taste (Test 1) . 

4; When burned, sugar turns black and gives off water vapor. 
This is because it contains carbon and water (Test 4) . 
The presence of carbon arid water indicate that sligar is 
a carbohydrate. It is a_simple carbohydrate. Because m 
it is absorbed in the body, directly (soluble) , it is 
separated from other carbohydrates (starches) whiqrh 
require^ degesti ve reactions , starting in the mouth with 
the action of the enzyme, ptyalin, in the saliva. 



PROPERTIES OF* STARCH 

^1. Starch is soluble. 



2. Iodine turns blue when mixed with starch' (Test 2) . 



3. Wh^n burned, starch turns black and gives off water- 
vapor (Test 4) ._ This is because starch, like sugar 
Xs a carbohydrate. 



7 

' PROPERTIES OF PROTEIN 



Proteins , such as those in meat, fish and egg whites, 
are large chemical compounds and require a series of 
digestive reactions to be broken down to amino acids 
which are absorbed- and used by the hum.an body. 



2. PrJ^teirt is net ^ktr^r soluble (Test 1) 

3':. • Protein begins to break down in the presence of hydro- 
1 qhLoric held (Te^t 5). This is what occurs in the 



PROPERTIES OF FA T 



stomach. /' 



1. Fats, such as palm oil or margarine, are Aarge chen^Lcal 
compounds . ' > ./ > 

^ \ J 

2. Fats "are not water soluble (Test 1). A 



3. Fats are the only food type that change paper, leaving 
a smear bh the paper, which apfipears translucent when 
held up to a light' (Test 3) . f 
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There ire several tests, that students csfn perform in order 
to observe differences between- the. f ourybasic food types : 
Prbtein>._ Fat , Starch ahd_Sugar'. "The foSd. 'tests will take 
2 or £ -class periods. If students are interested arid con- 
tinue to test food items, this p^rt of the unit could be 
extended. • 

You can divi.de thl^lass into groups. ^Tach group can run 
one or two of the tests and report to tne . rest of the class. 
Alternately*, each c/roup can run all the tests and compare 
their results with other groups. • 

^ . * ; ,/ fc y • _ ____ 

The written directions for eac^, test can be handed out to 
each group. This can gave time and allow the. teacher more, 
time^for questiohing as the activities are in progress. 

Choose food Items that are locally available, but try to get 
at least one sample from each food type. The food samples 
can be cut ahead adf^time, or the students can cut or chop 
pieces £rom the items as they perform the tests. 

Newspapers can be spread on the desks or tables to protect 
them xs the cherfiical tests are in progress. _ 

t ■ * \& 

Have the s4:u^ents use only a small amount of food for each 
^test . While testing is going on, you might question the 
students about mixing or keeping the food . items separate . 
Emphasize the importance of control in science experiments.. 

Have the students practice Using. grass reed droppers or Bic 
pen droppers as accuracy with these tak.es trial and error./ 
The diagram below shows how the grass reed dropper is held. 
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th^e should be . an area of the room set aside £^r washing and 
rinsing used equipment such as jars and caps . /The soap and 
water are also essential for students who accifcently gej He± 
on their skin. • They must wash the area liberally witH Soap . ^ 
and water. The soap will neutralize the acid. - . 

Following are the directions to be given to ,tne students . 
You may want to circulate among the groups, questioning the . 
students about their process, -"ijow did you crush the food , 
sample?" "What happened to the rice when you put iodine on 
it?" >"Does .the sample smell- different now?" The questioning 
shoulfl direct the students toward observing the difference 
i between foods, th£ changes that -take, place. The questioning 
also can reinforce ^problem solving skills and the scientific 
methods 



This activity tests, the^effect of water on food samples.. 



Materials 



Small jars 
Water 



■I 




SampleaT of •each food type 



t 



Procedure- 



Place food sample 'in a small jar. f If solid, crush 
it. Fill jar % full with water. Mix.^What happens?^ 



Taste /small amount of food. What does itS£aste 
like? C sweet, sour, bitf6r.br no taste? •_• f> . 





^Activity III- 8 FOOD TEST 8 



In this activity students will test to seejwhat effect iodine 
has on the food samples. r 



) 
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Materials 



Bottle caps ; 

Iodine (see p. 197). 

Gra'ss reed dropper 'or 
Bic pen dropper * 



Water, ■ * 
'Samples of each food type 



Procedure 



Place small food sample in a clean bbttle cap. 
If solid, crush it first. Add a few ^rops of 
water. 

Adci a few drops of iodine* to the sample. _ Do . 
no^taste this - io diners POISON . Wha^ happens? 



Activity. 1 1 1- 9 FOOD TEST "J , 



Students ; will test to ^ee i£"the food samples have-any 
effect t>n paper.^ _ 



Materials 



3 



Samples of ecfch food type drown paper 



7 



0 



Brace dure 



2. 



On a small piece of .browA papelfr, plarce a food 
sample. If solid, crush >^_^Wipe off extra 
food, leaving a spot on the paper. 



Set this aside ancTcheck it later. /What' 
happens? Hold the 'paper up to the light. 
What do you observe? 



r 
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Activity III- 10 FOOD TEST 4 



\ 



Here, students will observe the effect of heat on the food 
saniples. ' 



Materials 



Food samples 
Bottlg caps 
Piece of glass 

& ■ j 



\ 

/ 



Bamboo tweezers (see Appendix A) 
Candle 



Procedure 



1. 



clean bottle cap; 



Place a small amount of food in' 
Crush it if necessary • \ 

'" '._ _ i . v _ ^ 

Using bamboo tweezers, hold the bottle cap over a 
flame of a candle . Tjrim the wick to get a small 
flame with no smoke . While j doing this , hold a ^ 
piece of glass over 'it . What happens? Continue ^ 
heating it..^^J?hat f happens^" 





Activity III- 11 FOOD TEST 5 



In this activity, students will test the effect of hydrochloric 
acid (HC1) on- the food samples . 



Material® 



Hydro chlori c aci d * 
(see p. 197 ) 

\ 

Water 

Candle or burner t 



Food samples 
Small j ar ^ 



Tin lab«^l&£ ACID 



*If the acid appears concentrated, „as evidenced 
taken off the bottle;, dijdte what you use 
part of acid. Pour the a^Ld s lowly into th 
pourtne water irtto the acid. ^ / 





ammg 
part^ 
rlpi le s 
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Procedure 




1. Place' small amount of food sample in a small jar 
and cover with water. ? 

v*_ 

2. Mix the solution thoroughly. 

3. Heat slowly oven a candle or burner. Record 
what happens : 

4. Carefully* add a few drops of HC1 td^the food 
*» samplti. Recprd what happens. 

Important. ilCl is an acid and can burn your hand-. 
When finished, empty the mixture into the tzn 
marked AC].,. Put the jar or test tube iristo the 
basin/bucket uvlh scrap and water. Wash. ') 

' 

During the next science period, the groups can report 

on their findings by developing a chart on the black- 
board. ./ 



'I 
% 



TESTS 



) 



Food Types 



Sugar 



Water 



%bdirie 



Papc 



Starch 



'.r 'o t e i n 



.Fat 



Heat 



% ■ 



Hei , / 
— J % 



reactions . 
and .Sag 
group 



cuss, the .results,. Why do certain foods 
the tests? Direct the* discussion to y 

Introduce the ; food type terms : 
Have the students develop lists 
out by referring to th(' 
ydtates as are ^starchef 
e size ojjz the Chemical 
this difference will be 

ts and activities . Hav* 
fELict about food it^ms 
re vis .some conflict, havel 



Have the students d\ 
react to drily "some, c* 
bring out four -basic 
. Protein , Fat ,* Starcri 
of- Ifoods in the four 
t^est ; rfesults that suga 
^ThdP&skt results vary 
'"Compounds . In the fut 
clarified through diges} 
the materials ready fitnox 

■ come up in* the discussio^. — v ^ 

the students test the .food i terns,* n question. Discuss the . 
balic uses of the %ood types. Carbohydrates and Fats produce 
enerqy, while Proteins build and repair tissues as well as 
provide neecgd substances in the b2dy . (Refer to "Food Preser 
vat ion RcBs&urc- Packet.") 





\ 
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Ask the students to write down what they eat (their diets) 

each day for the issxt jweek; A diet record form is found in 

Chapter 7. v j ^ 



What types of food do they, eat each day? 
How much of each fobd type? 
What season is it?v 



Do they ^at diifere^S foods at other times of the year? 

What are th^ differences in diet throughout the year? 

Why? What foods .are available in each season? 

If the students are finished with the food tests at this point, 
proceed with the lessons dn digestion and nutrition including 
the heed for vitamins" find minerals. a When* the students have 
their diet records ready , use the reports on diets to develop 
a discussion on nutrition^ and the need/for well-rounded diets. 




F 
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APT ER 7. DiQteSTiQN 





T.his chapter can bevpresented an 6 M^4 lessons dependent 
on what concepts yo^» choose to include^ahd: the ihterei 
and skill ievel ofl^he science stu 

For example, if the students have not studi'ed solutions , 
colloids and suspensions , you may want to set up materi- 
als and activities for the students' to determine the dif- 
ferences . This activity could precede the food test les- 
sons. This is appropriate at the . beginning of digestion 
studies because the behavior of food substances in water 
is important in digestion (hydrolysis) . This activity 
would involve samples of substances : sugar, gelatin 
(protein) , starch and oil (f^t) . These samples -would be 
mixed with water . Each mixture is- shakeirif and allowed to 
stand for about 5 minutes. /J*>^ students then record the 
results and discuss their findings . v The format of ■ the 
food test lessons can be used for this activity. 



L 



Through the activities and discussions, the students will 
develop an understanding of the following concepts and 
be able to applv them to their dafty lives. 



2. 



Digestion is the chemical change of fpods into 
particles that can be absorbed by th? body cells . 

Fats , proteins ^nd carbohydrates must, t*e digested 
to make possibly their absorption and entry into 
the body cells. Fats, proteins and carbohydrates 
all contain Carbon (C) , Hydrogen (H) , and Oxygen 
(0) used, to produce energy. ^Ptot^-ins ^Iso contain 
Nitrogen! (N) , Sulfur (S) , and P^ospho^us (P) used 
to produce chemical substances, essential to life** 
Proteins are Used to build and repair Body tis- 
sues. We are about 20% protein^ by weighty. The 
body depe'rids on proteins to produce enzymes , hor- 
mones and hemoglobin . In addition, proteins are 
used to regulate bo^dy fluids. Ah insufficient 
amount of protein in the diet ciuses fluids to 
build up in parts of the body . This is why child- 
ren with protein deficiencies (Kwashiorkor) ha/e 
distended stomachs . 

Hydrolysis is the breaking down of a qhteal 
compound by combining it with water (H 2 0\. 



4~ 



rqlyei's 



An enzyme is. a catalyst that speeds the hy 
of f 6ods . The general equation for a digestive 
equation is : : 
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Food + water ~ BXtz ^ me -^^f66d parts 

The equations for the basic food types are: ' 

Lipase " • ^ • 

iFat + water — > fatty acids - glycerine 

_ proteinase. . " . , ' 
Protein + water — c — 7 amino acids * 

•\ 

Carbohydrate + water car bohydra|g^ glucose 

i , • 

5: Glands produce the_digestive J jdice^ sgiph as saljva, 

gastric juice, pancreatic juice and intestinal juice . 
These cligestive juices contain enzymes . 



6. Proteins, fats and carbohydrates are digested as they 
move through the alimentary canal which consist's of 
five main parts: mouth and pharynx, esophogus , stomach, 
small intestine and large intestine . 

7. Water > vitamins, simple sugars and minerals (inorganic 
salts} are taken in the body by direct diffusion; 
digestion is hot necessary. 



On the following pages is a table on the composition of 
some foods* to. assist you in generating discussion ques- 
tions and clarifying students' research. 
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COMPOSITION OF SOME FOODS 
(Adapted from Handbook of Chemistry , 



Larige ed. ) 



Avocado 



Banana- 



Barley 



3 

Protein 



2: _ 



% 

Fat % 



23 



Beans (nag^yj- 



-Dearis (soya) 



Beans (i ima ) 



Beans (lean) 



Butter 



23 



37 



-1-8- - 
22 



1 



17 



Carbo 



23 



-78 



60 



28 



66 



85 



Cheese 



Chicken 



Coconut 



Corn Starch 



— Dates 



Eggs 



(whites ) 



28 



22 



-2-7- 



57- 



Egg (yolk) 



Flour 



(whole 
wheat ) 



Gelatin 



Lamb 



. Lard 



J3_ 
12 



15 



1 1 



14 



91 



20 



10 



—33 - 



32 



90 



75 



13 



100 



72 



% 

Ca 



.01 



.0-4 



. 1 6 



07 



.02 



• Of 



.93 



,01 



,06 



.07 



,07 



.01. 



14 



.02 



.03 



01 



% 



.40 



.47 



.01 



.01 



A 



Vi tamin 



.34 
,24 



.02 



.01 



. 68 



.23 



15 



-i 01 



18 



,01 



.01 



. 53 



.09 



.24 



.22 



+++ 



+ + 



D 



+ sprouted 



+ s pr oo-tad 



+ 

4- j_+ _ 



Abbrevi at ions 



Ca = Calcium 
P = Phosphorus 



Fe = Iron 

Vg.lank space 



+ » vitamin present 
++ = good source of vitamin 
+++ - excellent source of vitamin 
no appreciable amount of s uds tance 
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FOOD ^ 


%' 

Protein 


% 

Pat ; 


/ % 

Car bo. 


% 

Ca 


% 
P 


T 
k 


A 


5 

B 


7itam 

— C — 


ins 

D 


- — — 1 " 

£ 


Lemon 


1 


1 


— 

'9 


.04 


.'02 






+ 


+++ 






Milk — : 


: 3* 


: 4 


5 


.12 


>.10 




4-4-4- 




+ 


4- ■ 


'■. + 




■ 2 


3 


17 






- 






— • 






Noodles 




Margarine : 


1 


83 








■ — 1 


* + 








+ 


Olive Oil" 





100 




















jDnions 


2 






.03 


-OS 




4- 


+4- 


++ 








1 




11 


: .05 


.02 














Orange 




Parsley 






« 






.02 




++ 








Peanuts 


26 


39 - 


24 


.07 


.40 




+ 


+4- 








Peppers (green) 


2 




" ; 5 




.03 




4- 


++ 


+++ 




, r 


Pineapple 







14 


.02 


.03 




+4- - 


++' ' 


4-4- 






. Pork 


17 


31 






.01 




+ 


++ 








Potato 


3 




20 


.01 


.06 




+ 


4-4- 


4-4- .' 








2 




23 




.02 














Rice 




\ Sardines 


23 


20 




.03 


. 26 














Spinach 


2 




■6 
J 


ri 7 


" (17 


. 6 1 


+++ 




y 
+ 4- 


- 




__Sqaash 


1 


1 


9 i 


.02 






+4- 










Sugar 






100 


















Tomato 


1 




4 


.01 


.03 




4-4- 


++ 


++.+ 






Turnips 


1 ; 




8 7 ; 


.06 


.05 




+ 


4-4- 


4-4- 








1 


* r 


4. 


.20 






+++ 




+++ 






Watercress 




Whi tef ish 


23 


7 




.02 






+ 


+ 








Yeast 


1 1 


1 


21 
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Activity , :-/,': DIGESTION INTRODUCTORY ACTIVITY ; • 

In this activity, students wiii begin to understand the digest 
tive reactign^ the breaking down of food for absorption, as 
they solve the introductory problem and discuss their solutions, a 
(A written k assignment can be used also to measure the students' 
knowledge of digestion. ) 



a - - 

* • <. . - * 

ERIC 



Materials 



Box - closed with" holes cut. but oh all sides 
Large dirt clod oi: piece of termite hi # ll 
Large piece of cassava or other fibrous root 



-Large piece of Wood - . block , cylinder, pyramid 
shape • ^ 






i^ieae must 
be larger 
'than the 
ho les 
in the 
box 




(?) 

0 : • 



8,0 

(5 0 




DIAGRAM 49 



Have one set of .materials, for each group or team of students . 
Set the task and have each' teaijj" work - on the problem collective 
ly and then sKare " tfrei'r results . An alternative to this would 
be to have one set of materials arid direct questions to the 
total class, although there is generally' less problem-solving 
witijit this approach. ■ , 



The box is completely enclosed; the walls have small round 
holes , These holes cannot ^e made' larger- - How can the dirt,, 
root and wood be moved into th£ box? 



Give the problem and let the groups work on solutions . While 
the groups are working you can move fr^rn group to group and 
ask questions ro stimulate problem- solving. * 

What solution (s) have you come up with? ; 

Does that solution require work (energy) 7 

^ What steps are involved in the solution? 
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What is doing the worjc? 

What arrangement or change in the materials is necessary 
to get them in the box? _ * ; 

• ' ■ - 1 - -i. 

Are other materials (substances) needed to change the 
objects? . v 

■ _ : _ : s 

Are there other solutions to the problem? 

- * * 

- - — - ... __ 

Do v the different objects require' different solutions? 

When the groups seem to be at a stopping point, ask for oral 
reports from the groups. 

Again, ask directive questions during the reports and discus- 
sion. Some groups will offer breaking/cutting up the Mater- 
ials 'as the solution. Others may offer dissolving substances' 
with water as another solution. Discuss these different solu- 
tions, emphasizing that different agents (knife , water) are 
required.' Through the discussion, bring out that this pro- 
cess . is like digestion in the human body. Food must be broken 
down mechanically and chemically by hydrolysis and enzyme action 
in order to be absorbed by body ceils in much the same way as 
the objects had to be broken down^ using such things as a_^hife 
and water, -in order to be put Jo the box. Someone may offer 
the use of chemicals as a solution to the* problem. Ask how 
the chemical is used. Does it go in the box as well as the 
material? Develop the use of enzymes for digestion from this 
response. Enzymes are catalysts/agents that speed up hydroly- 
sis . If the problem-solving- and discussion demonstrate that 
students understand the process , the general food equation 
can be presented. 

. j ; . _ ; ■ t 

FOOD + WATER enz y me > FOOD PARTS . , . \ 

^_ - : J .f- ifr'VT i . J--:':. 

The terms :. hydrolysis, enzyme, catalyst, t r c31ge5tion can be in* 
troduced as the students generate definitions out of the problem- 
solving . - 



No4e ; The next series of activities invo Ive digestive^ reactions 
of 'the basic food types . Some of the activities require^ mater- 
:ials that may not be easily available These can be eliminated 
without losing continuity alt'hongT^jfchey do serve as reinfovckrs . 
of tk<i concepts . , The teacher may wish > to tel l the students, 
what , the results of those activities would be. 

. . i 
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Activity III- 13 DIGESTION OF CARBOHYDRATES > 

Through experimentation^ the students will learn that diges- 
tion of carbohydrates^begins in the mouth. _ Mechanical (chew- 
ing) and chemical (ptyalin in saliva) breakdown is necessary 
for hydrolysis of carbohydrates.. Starches are broken town 
to simple sugars. The equation for this process is: 

ptyaliciv- » ~-- 

Carbohydrates + water r ^ ? simple sugar ^ 



Mate vials 

Starch Raw potato 

Cooked potato Wax - /, 

Crackers, tortilla or , Iodine (Indicator of starch 

bread ■ 

Jars or test tubes 

Benedict's solution*- 

(Indicator of sugar) Candies or burners 

Food- sampled from food tests 

The first step in these activities is to have the students 
test the food samples/ used in Chapter ^ 6 with Benedict's 
•solution to determine what it indicates. The solution changes 
to a yellow-red color in the presence of simple sugars. 

, If you are not able to get Benedict's solution, you can ^ 

proceed with the other exercises reinforcing th^e ^ students ' 

observations of chan.ge.s in the presence of starch. * * Through . 
digcussion, you can: develop the concept of starch break- 
d^n to sugar. 



*\ See note about specialized sources on page 19 7. 

** It has been Suggested to us that easily observable 

changes can take place by saliva action alone on certain 
substances. Please let us know what results you dis- 
cover . - ; 
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A. WHAT DOES BENEDICT'S SOLUTION TEST?* 

Take a small food sample of protein, fat, sugar and starch, 
if solid, crush it and mix each sample with a little water 
in a jar or test tube. Heat the mixtures, then add a few 
drops of 'Benedict ' s solution to each jar. What happens? 
Record any change in color. 

Discuss the results . When the students have determined 
what Benedict's solution indicates, proceed to the other 
activities. + 



S, DOES SALIVA CHANGE BENEDICT'S SOLUTION? 

Have the students work in small groups. Each group member 
chews a different food sample for a few minutes, aftd collects 
saliva 1 in a jar or test tube. Have one _ student in each 
group chew a small piece of wax and collect saliva. After 
the saliva is collected, direct the students to add__abj5$AJLt 
1 teaspoon (5 ml or cc ) of Benedict's solution. Heat 
the jars over burners, or candles for about 30 seconds. 
What happens to the sample of just saliva? 



HOW DO ENZYMES WORK - CARBOHWRATES? 

S?? 11 ? 5 . 0 ? students to I arrange eight jars containing 

the materials listed below.. Suggest that the students 

find a way to be jfbie to identify the" contents of the jars 

('label,, code, record) . 

1 . ' 2 jars witfi 5 ml of a.water and a small piece of 
raw potato i-n each. 

2. 2 jars wi\A 5 ml 'of water and a small piece of 
cooked oocaco in each. 

3. 2 j^rs wich 5 ml of water, 10 ml of saliva and 

/ a small piece of raw potato in each. . 

. ; • * . : ' 

_ 4 • 2 jars with 5 ml of water, 10 ml of saliva and 
a small piece of cooked: potato in each. 

Test one" jar of each sample ( l r 4^ with- iodine . 
What are tHf results? Do the samples vary? Does the pre- 
Jj sence of saliva make a difference? • - 

Let the other samplesf ( 1-4) stand for* 15 minutes. Add 10 
• ml of Benedict^ s solution to each jar and heat each jar 
for thirty s^Eonds;^. What happens*? Record " any changes; 

*Plealse let us know if vou find any indicator derived from 
locally available materials that .can Wusaa instead of 
Benedict's solution. / j 



that occur in each* j af . 



As the students are experimenting, 'move from group 
to group to question them. In addition to the 
questions in the above paragraphs ; ; _you may wish to 
discuss the use of controls with fcfaem. 

Have the students report the^r finding/ by develop- 
ing a* chart on the _^l? c 8^°§? d ^ _ _? u ?^ ri 9_ t ^ e discus- 
??9 n ^_ introduce the ?9 u ?t:ion that describes the 
action the students observed. introduce the term,. 
Ptyaiin, the enzyme in saliva that begins digestion 
of carbohydrates to sugars by speeding up hydroly- 
sis of carbohydrates , 



^fc^aiij^ Sugar 



t . — , Carbohydrates + water 7 * ^ Sugar 

D. ANOTHER TEST - HOW DOES PTYALIN WORK? 

Have the students test pieces of cracker, , bread , or 
tortilla with ibdiriq . By _this point ,_ the" studeri-ts 
may be familiar with the food type. Ask the stu- 
dents what type of food the cracker, bread or tor- 
. tilla samples ere. 'If the students know this, begin 

the activity at the next step. 

i. 

Chew 5 piece of cracker] bread or tortilla for a 
minute. Take the chewed cracker out and put some 
of it in one dish and some in another . Add a few 
drops of iodine to one ^? s ^i__^^_ a ^ ew drops of 
Benedict ' s solution to the other di sh . What happens 
What can you conclude about saliva? 

J 1 
IS 

■ i * 

' \ ' / ' ' - 

Activity III- 1 fl* DIGESTI ON O F FATS ' ( 

These activities emphasize emulsifying fats. Here you can 
encourage^ thinking about increases in surface area. Why is « 
physical or mechanical breakdown of food necessary? What 
are the advantages? Why is mixing food and water important ? 
,Cari enzymes react with food more readily if the food is in 
smaller pieces? 

_. , . * 

The, equation for fat^ 

Fats + water "--iiP-?-?-^ Fatty acids + Giycerine m ^ 
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The chemical tests for fats, fatty acidstanc 
are complicated and involve? solutions . ang* equipment not 
readily available. Focusing on emulsif icat ibri as well as 
comparing the reactions of different foods should give t'he 
students an understanding of digestiqn and the rudiments 
of- nutrition. ^ ' 



) 

Materials 




Water Hydrochloric acid* 

/ Vinegar Jars s * 

** \ / 

^Oil Soap _ r . 

i _ ' _ 

Gum 4 * Acacia Bucket/basin 

Assign groups of students the following problems : 

J* * j - _ 

1. Put equal amounts of water and: oil (about 
60 ml ) in a small jar.- -What happens ? y 
Mix ^thgm. What 9 happens? $ What size ,^te 
the drops? S» _p , 

2 . Add an equal "amount of vinegar. Mi$ or Jjj 
shake. What happens? What size are the 
drops? 

3. In another jar, add equal ajnounts of water 

and oil. Add some gum acacia-. _ What happens? 

: . * Mix and note the change. Note size of drops. 

A. In another jar, a<Jd equaih^m^unts of water ^ 
and oil. Add about 15 mi^yof hydrochloric 'x 
aci v d. Mix carefully .x^i^t/fe any change. 

5_ 

As students discuss their findings,: reil^fce' the concepts. 
^ of hydrolysis and the advantages of -mechari i CZTt- an d chemical 
breakdown of foods. Introduce the equation for the digestion 
of fats. You may want to include some explanation of fatty 
acids and glycerine and how the body uses these substances. • ^ 



i 



*It has been sci, Rested to us that 1. papaya leaves can be 
mixed with egrj white in^ead of HCL; 2. lemon juice 
or vinegar can substitute for HC1 . We would like to TV2ar 
what you discover with^ these substitutes. 
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Activity III- 15^ DIGESTION OF PI 



As with /fats, a series of i teps are^riecessary s ^&t> break down 
proteins to amino acids. We imust replenish bur supply of 
essent ic 1 amino acids daily aecause th<* body does not store 
them . Amino acids , like f kts and carbohydrates , can be stored 
for enerW but not as amino acids necessary to tis'sue repair 
and builo@ig, pr the ^production of hdrmjpnes and- eijxymes . 



r protein 





as odcur 

small intestines . 



involve the firs^P steps^Sf^rotein breakofcyfn, 
in^the stomach; Further breakdoW- occurs in the 




Materials 



* Hy^drjo chloric acid 
)Egg whites (boiled) or m§kt 
Pepsin i i 

A. 

Fresh pineapple or juice 
squeezed from papaya leaves 




Candles or burners 

f 



Procedure 



1. 



T 



fept i 




a small amount of mxVk (about. 60 ml ) in two' 
.1 jars. Add 15 ml of hydrochloric acid to one 
jXr. Add 15 ml of vinegar to the other jar.. What 
happens?. Why? Do the same Jchanges occur in both 
jars? whv? y «- 



2.^This activity takes. - 1-2 days to complete. 

can proceed with other activities , checking 
of this activity during the hext lesson. 



Set up four jars (test tubes) with pieced of egg white. 
Add one of the following to each jar of -egg white . 
(Meat can also be used) . 




students 
\ie results 



a . Water - S_ i ml 

b. Pepsin st£Lution - (ig pepsin, 50 ml 
and' a few drops of HC1 . 

c. Water - 15 ml and a few drops' of HC1 , 

d. Pepsin - 15 mi and"a few drops of HC1 



R 2 Q ' 
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Allow the jars to set 2 4 to 48 v ho^rs , 
and record the results . 



Observe 




Which jar showed* the most change? 
What can you conclude about pepsin? 
Where in the body ^do these chemical reactions, 
tgke place? '• 9 . . 

pow did saliva reaqt with egg white in the earlier 
experiments? r - 'jr**? 

rinij the \oii s'cus s i on of the results, introduce « 
e equat ioW f or protein digestion. Emphasize 
ydrolysis and enzyme action in 'the stomach, 

S^t up 2 jars with egg white pieces!* Adj&15 ml 
fresh, pineapple j uice to one jar • _Boii an' equal 
amount of juice and add it to the other jar. 
Allow the mixtures to set for 4 48 hoiirs^ Observe 
and record the results. What* can you Conclude 
about pineapple juice?/ *%hy was one jSr of juice 
boiled? (This exp^rinjeatt can be done with juice, 
extracted from ( papaya leases - They contain thq 
same plant enzyme. ^ Orj egg white or meat pieces 
can be wrapped in crushed papaya leaves and §1 lowed 
to set • ) ' S ' 




Activity III- 16 ' ANATOMY OF DIGESTIVE SYSTEM 



s r(fc* 




1 ■ 



Students dissect fresh fish to observ^ttte digestive- system 
^alimentary canal). This activity c^h be\used to summarize 
the findings An the other exercises , keying the chemical 
reactions to tthe various parts of, the system. , 

« _ i| * , 

After the fish have been dissected^ they can be cleaned and 
prepared and put in "one jxf the food dryers! 



Mat&viaXs 



Fish, frogs or to^ds 



Knives or single «idge razors 



Newspapers f b£ ,desks or Food dryer 
tables t 

; The students Vcan work individually or in pairs. Direct . the 
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1 



students to cut the £ 
taking^'care not to 
caiial - tjfie mouth 



testifies 
der? ' Mo a 
what you 



he tiou r 
o cutt hjTy 
; the| eso 



from the mouth to the anal area, 
organs. Trace the alimentary 
pMagus_ 

Compar 



the. Stomach and the in- 
to the anus - Can ytou find, the liver and gaii . bl 
h from group. to group to check ^progress . 
find with the^Kgram below. \ 




.DIGESTIVE SYSTEM 



mouth 



salivary/^ 

glands 




liver? 

gall 
bladder 



large 
intestine 



mall 
intestines 



DIAGRAM \50 



At this point, you may want to sui 
activities or have the ; Ktudents pr> 
(refer to. Part II) .. Bol c iqwing a: 
•and minerals which ~gx ve ihe st 



-ize the digestive system 
ire the Jish for drying' 
further studies on vitamins 
:s more to woitfc wiuth on their 



diet records. In fact, fthe diet records can be usee 
focus for the summary discussion . 



as - the 



On the .'following pages are vitamin and mineral^ charts to use 
for the lessons. Also, a is ample of- a diet, record form which 
the students can use at thte end of this study*, follows; tl 
charts . / ' 1 ' ' 
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further Study 

Vitamins an d Minerals/ 

These lessons involve the transfer of information. 
As' such they may be scheduled at a number of points in 
trie nutrition studies, f They supplement the digestion 
and other nutrition activities, They can be introduced 
gth the "summary discussions . The students can supplement 
'their diet records arid meal planning work with this _ 
information. : 

Activities /studying vitamin and* mineral needs,, are . 
complex arid tajce long term efforts. If the School has 
a poultry farm, students with Jhigh degrejp-of interest 
may study vitamin and/or mineral needs/Tn poultry as an 
independent special study. /*->^ 

Another supplementary activity could be a field trip 
:o a local health center including discussion with 
center staff:; a physician, public health nurse or 
'health auxiliary for example. This may bo especially 
useful in* areas where there is a recognized deficiency 
that can be overcome with a change in diet. Alternately, 
a health practitioner can be invited to the school as 
a guest speaker or you may want to -coordinate a com- 
munity workshop with the local health facility staff, 
having the science students help with th~ planning and 
presentation . 

Reproducing the charts that follow on a hectograph or 
similar device may be useful. 



16J 



(Record sheets can he reproduced on hectographs or copy machines..) 
J * 

Name_ 

- j Date 

Daily Fqfrd Intake % 



MEALS 




JANTITY 


PROTEIN 


CARBO - _ 
HYDRATES 


FAT 


VITAMIN 


MINERAL 


Break fast 

\i * y 








i 






t 

\ 


Lunch 

i 










•4 

f' 




Dinner 














Snacks 

f 








+ 




\ 



MINERALS 



Mineral' 


Funct ion 


Source 

i 




Calcium 


Good bone and tooth develop- 
ment ; Prevents rickets if 
vitamin B is\present; Impor 
tant iri blood clotting and 
muscle action. 


Milk, cheese, egg yolk, driec 
beans, green vegetables and 
- nuts . 

1 4 


i 


Phos- 
phorus 


Good bone and tooth develop- 
ment and nervous tissue. 


-Cheese, chocolate, egg yolk, 
diried beans , peas ,'■ peanuts , 
whole wheat flour, soybean 
« flour and seafood. 




Iron 


Making hemog lob in in re d 
• blood cells . 

\ 


LiVPf " hpart" and ki dnpv 

raisins, dried apricots, 
peas, lima beans , whole wheat 
flour, batfs^ spinach, onions , 
cabbage, bulga^r ' wheat . 




Iodine 

* 


Product ion b f thyroxin . 


Seafoods , iodized salt , ' arid 
vegetables grown in soil 
containing iodine . 




Fl purine 


Good teeth and eye tissue 


Some waters, frtiit and vege- 
tables, grown in soil contain- 
ing flourine. 


Sodium 


Esseuti at. to b Ipod . p fas ma' ,' - . 
lyrnSii and body : t.is«$ ue^. :■ ^ .; : 
AiJo " Jiges t ion^. ■ 


_ ^ai't j baking soda, spinach, 
7 cabbage and tomato. 


Ch lor- . 
irie ti 


~~- — ~ — : * — ■ — . _ ... — *- — — 7 

Same a's sodium; * % ■ \ 


;Salt, lettuce, spinach^ cab- 
baga , jbananas , beans , corn 
and seafood. 


Sulfur 


•Making body proteins 


Eggs -j cabbage , fish , m6at , 
corn , cheese arid beans . V, 


Magne- 
s iutti 


Tissue bui Tdirig , mainly 
teeth, bone and muscles. 


G 1 . , ee^is J , cabbage, tomato , v 
lemon, banana , pine apple ]\ 
wheat 3 rice and barley. ' 


Pot as- ^ 
s iom j 


Good tissue tone . 


Potato, spinach; beans, I 
Cornet o , 1 ime and lemon^^T 


Mangant- 
ese \ 


Aids in carrying ox*ygen 
from lungs to cells. 


Watercress, parsley, egg 
yolk and some _nuts . 
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VITA MINS 



Vit am in 


Funct ion 


Source 


A ■ 


Jjjaint ains a moist covering 
in eyes, respiratory .sys- 
tem, digestive system and 
urinary system. Prevents 
nigh^ blindness: 


Greeo, leafy vegetables, 
yellow vegetables, liver, 

butter and eggs. 

x 


B i 

(Th iamin) 


Prevent s • beriberi . Ke'eps ) 
nervous system heal ttty. s (• 
Promo tes good ap pe t jl t e 
and good. digest ion . V Helps 
the body use carbdhydtv^tes . 


yMiljk, eggs, p^as, beans, 
j~ peanut butter, meats arid 

wtfole-^rairi or erir i ched 

/e reals . 
^\ 


B 2 

* (Ribo- 
flavin ) 




— ■ ■ 


Ke^ps eyes and skin h e a 1 1 try 
keeps up general body re-* 
sistahce to disease , prc>- 
mbtes health of nervous 
system. . 3 


Eggs, pork, cheese, beef, 
lamb, liver, broccoli, milk^ 
spinach', fresh green peas , 
and green veget ablets. 

\ ' A. " . \ : 


Niglc in 


Prevents pellegra, keeps 
skin healthy, protects ^ 
: heal th of nervous system, 
st imulates appet ite . 


Milk, lean meatus, tomato, 
'green peas , fish , bedris , 
many leafy vegetableo\^j»ggs 3 
liver, fish, nuts, whole- 
grain cereals . 


1 / 


Prevents pernicious ane- 
mia. Keeps number of re<i 
blood cells at a normal , 
leve 1 . 

•■ 


Liver, green vegetables. 


(Ascorb ic 
Acid) 


Prevents scurvy . Keeps 
blood vessels healthy. 
Contributes f to good bone 
and teeth formation. 


Fresh vegetab les , f resH 
citrus fruits- and tomatoes. 


(Pyri- 
doxin) 


Essential for hemoglobin 
formation; metabolism 
of amino a-eids: Absence 
irapai rs growth : ' 


Grains, seeds, legumes, 
liver, milk and egg yolk: 

f:\ .. ■ ;' 


E_ 

(Toco- 
pherols ) 


Xbserice causes steri-li ty„ 
in either sex. Influence 
growth and healing. 


Vegetable oils, lettuce, \ 
beans , ri ce \ corn , meat , 
meat, -milk and eggs.- 


k " 


Promotes norTrvnl blood 
coagulation. — _ 


Green vegetables, tomatoes, 
vegetable oils and egg yolk 

. • ' • ."..v.- rvj. 
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CHAPTER "8 .^^RESER VATION TREA TMENTS 



There are four steps in. the preservation of foof by drying: 
" TTTfe pre- drying treatment, tfce drying, the post-drying treat- 
ment, arid th^ storage . Thefacttfal drying of the food was 
studied in Part II. (See 87) This* chapter addresses the 
remaining three steps of the preservation process. 



■i 



BACKGROUND INFORMATION. 0« PRE--BR¥ ING, TREATEffiNT S 



students 
4^are of 



Fruits'; vegetables, meat and fish are treated before drying 
to preserve nutr ientfe and the natural color and to slow the 
enzyme 'action that breaks down the food. If the 
•hjay» studied digestion (Chapter 7) , they will be 
tHe action of enzymes . . Otherwise, you may want to use 
"examples of" food left out in the open to show the . breakdown 
that ©ccurs . Choose some food item that is riot obviously 
-overgrown with microorganisms. Comparing a just ripe mango 
,to -one that has fallen jand begun to fiscolor arid soften 
should: illustrate enzyme action. The various treatment meth- 
ods- slow this process down. Treating vegetables by blanch- 
in^.NiS^^ct ; loosens the tissffis arid the drying is quicker. 

T r e ^1 n^^Mp od s prevents the loss' of nutrients. .Vitamins A, 
E , and m'J^ r of the a ' s are broken down by light and oxygen. 
Vitamin cf*;§. destroyed by heat. There will be some loss 
withv^ny ^serving method but some of the treatments will 
minimise, the. loss . 



The %. 




j 

9 



mature range of the dr^er has an effect on the 

of color and nutrients as was mentioned in the 
food drying Section. The .temperature of the 'dryer, the 
avjfa^billty of- treatment; substances , the humidity of the- 
l^f/.'and thfe avaH^&^i i>¥ of - .storage containers need to De 



i^en into a c cqXwi^. - the >s 
It is poss ifcie' ci^^ J^^prrf 
having to use ' ari^i-o^ " 
^ The re is , howeV^^^^4-. nutri^ 
"fire -drying t re^|n^|^'^lf th^V; 
60° C ; _ enzymo^^^ah • in ye gap 
. the yStj^tab 1 es"|#l a a tfe'fc>l e , e&6ft» 
thev.Mnfpra.tures are 
per i o d^ p. I'Bbwevor f f o/pd^ar; 



oss 




n utffi* 



are food for drying, 
d in dryers \without 
rds before drying. - 
If drying without 
i't^re in the dryer reaches 
can be stopped, -Snaking 
er long term storage. If 
pan 60° C for long 
fa cook i|nd scorch ; aind 




there 



l|>rM e fit c & l.o. <t% i^^^u^^ti' ; t 



store many foods without 
the, Various treatments are 
tic ^students more option:? . Tliere 
offered, and. export if do not agree 



.if" 
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on the amount of treatment substance to use, the length °* " 
time of the treatment dr. the preparation of the food type tor 
drying.^ This is due to the fact that many factors are involved 
in the drying of food. Also, the experts emphasize different 
results, some want to minimize nutrient loss while others 
want to extend storage life. During the lessons when the stu- 
dents are preparing food for the dryers, it is important to 
emphasize the factors affecting food preservation^ and the pur- 
pose of different methods. 

factors affecting food preservation by drying cart be summar* 
ized as the following: (See "Food Preservation Resource 
Packet" ) . ; 

■ i. size of food pieces 

. 2. temperature of dryer * - '. 



3. moisture content of food 

4 . hlimidity 

, " . ^ * < • 'V 

5. air movement ^ 

* **r w in dryer . . 

i- "in surizbundings - 

6 . treatment method used ^ 



7. 
8. 



type of storage containers - available 
type of food - fruit, vegetable, meat, or fi^|J 



Irhe rnajoi^ reasons for treating foods before drying them cErT 
be summarized as* the -fosjtiowi'ng : ■ 

1. preserve natural color ] * 

2. preserve nutrients 

3. stop decomposition (enzyme action) 

4. make drying >even 

5 . extend storage life . . o n. 

Begin the food drying lessci^with types of food that not 
need treatment before drying; Unions and peppers can, be used 
ncourage the students to^e^^cdrds. How was the.foqd cut? 
(See o 89, pp. 175 - 177)^ , Wd^ thipk were the pieces? How 
mucS did the food weigh beVre 'drying? What size? (Refer 
to food drying activity,- Chopper "3) . ,v ■ ■ 



If 
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£s the lessons proceed ; introduce the various treatment 
methods. Start -with the, less complex processes^ stich as 
blanching and adding ah anti-bxidarit , arid move on to th.e 
more complex processes , such as sulferirig arid salting. 
This can only be done if there is a ^ype of food available 
for each of the treatment processes. If this is hot the 
case, plan the lessons;- j&rourid the foods that are available 
to dry. This may change the. sequence of treatment pre- 
sentations^ The important 'thing, though, is to encourage 
the students to teskt dif ferent procedures F Keep thorough 
records and learn Ttc^w • to we^gh trie factors involved in 
drying and storing £nci r develop methods Useful for the lo- 
cal _airea. Have the .&Fo ups\^ of students experiment witri . 

different preparations'" and^xreatments . With tnorough record 
keeping, by thd ^h^^o^^fe^"^ book, the s t ude n.t sV 5 ho ul d -h ay,e 
the information f n . %9^^ u ce a table t.ijjg Jfo<5ai ^ s 

f oods and the mo s ty^fct e £fc i ve preservation • t^chrii^he- for 
each food.. YoU v m^^W^nt to reproduce-; copies >of /the local 
food preservation ^feles for the?- to their 

villages and for community " residents who\.Htay ^Have been in- . 
volved or are ^in^eres te3 . Another xti^! to share, tjiis in- 
formation with *the c6mmunity .would Ib^' at^ t;he school open ' 
house. Have groups of . students - demons tj^jie the* steps in 
food preservation using the equipment .th^ ! , science^, jclass (es) ( 
has built. Of course, special community^ workshops could be 
offered as well. - 

* ■</■<* . _ ■ 

Explanation of ea,ch .gf • the treatments foil ow along with, 
tables' of some fruits and vegetables to help you get 
started and -to facilitate planning the sequence of lessons 
for; treatment , drying N and storing. * 

The information in' this section was developed on the farm, > 
in classes' and in the kitchen. The book, Putting Food By 
-and the Organic Garden and Farming magar^ne ' and the report 
from the -"FooH^reservation and Storage" workshop in 
Tanzania were diso used to develop tnis section . 



V R K - DRY INC TREATMENTS 

ii 1 

ANT I - OX 1 HANTS 

Some foods'? when exposed to the air , oxidize ^tiickly , turn - 
ing brown. This especially 'is true of light colored fruit. 
Ant. l -oxidants ,ire acids that prevent oxidation. .^Ascorbic 
a c: i d * (Vitamin L'J is the most effective anti-oxt| y ant . 

*Leanori juicii contains hot H citric acid arid nscorbic acid and cn&b^^ 
us. -d as an ant i oxidant. . TL is much weaker Lliaii ascorbic «iC'd and 
Is not as i : ffiu-i i vi*. Sprinkle Uie squeezed 1 Union juice on the cnL 
pieces as described [previously. 

16*7 
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It is water soluble. The Solution is sprinkled on the fruit 
as it is being sliced tor the drying trays. Turnfhg the 
pieces over a number of times while slicing and sprinkling 
will assure a suff i cient_ coating of ascorbic acid/ The nu- 
trient ' value of the fruit is improved also by addind^-vitamin 
C. Ope cup of solution will treat ►about 5 quarts <^f qUt fruit 



Materials' - 



Water Source\ of heat 



Ascorbic acid Food to be t^ated 



Procedure * 

T 

Boil water for 20 minutes and cool it before preparing the 
solution. I£ is important to us^pure water while preparing 
food for drying as water borne microorganisms . can cau.se much 
food spoilage. The proportion forNQixing the solution is 45 
ml of ascorbic acid crystals to 24Xr N ml of pure water. 



BLANCHING >j 

Vegetables contain enzymes which cause decomposition while 
drying if not destroyed by heat first. Blanching, exposing 
vegetables to full steam (100° C See pp. 175 - 177) stops 
enzyme action and protects the natural color . Also, because 
enzyme action is Stopped, nutrients are preserved. 



Mat&niaii 



Wire rack, bamboo, or fin or flat rock 

reed basket or clean cloth 



Food to be treated & 

%/large pot, bowl or basin can be used for blanching. Put 
about 5 cm of water in the pot. The cleaned and cut vege- 
tables can be placed in a wire rack, a bamboo or reed bas- 
ket or a piece of clean cloth tied loosely. 



# ,3 

■ m 



Water * pot » bowl or basin 

Cover for pot \ . Source of heat Y 



1 ies' 
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The_racR is placed in ther pot above the water when there is 
full steam. _A lid or cover is put oh the.po v t. Blanching 
time varies for t'he type of vegetable; thicker or denser- 
vegetables are blanched for a longer period of time than 
leafy vegetables. It may be necessary to put a tin or a 
flat rock in tile pot. so that the rack^ or basket sits above 
the water. If a cloth is Used, knot it around a stick 
that can rest on tfye top edge of the pot to keep* the <Aoth 
out of the water. ^ 



1 



cove 




<~ 7 y*c> 



support 



DIAGRAM 51 



After blanching; '^remove the?wvege table pieces and lay 
them on a_cieagv-cioth to s/oajc] up the extra moisture and 
then arrange tnen ; pn dryirig trays . Blanching times are 
listed on the 'caoles at the^ end of this;, section . Exper- 
iment With local vecretables\using the samples listed in 
the} tables as. j. ^ uidfel ine . 



SULFUR I NG 

Sulfuring fruits before air or sun drying slows down enzyme 
action and preserves the fruits' color. It protects vitamins 
A and C. It niilb protects against insects and moid, although 
if a closed cir /or (£udh as a solar dryer j is used; insects 
are not a problem.' Also, as mentioned earlier, if. the 
temperature in the dryer is high; enough; mold and bacteria 
growth are inhibited. As with other treatment meth^, , •>* 
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suif tiring is an extra assurance that the dried food will keep 
for longer periods of time and will be nutritious and palatable, 



Sulfite Soak 
" Materials 




Pure water 

Food to be treated 



Sulfite substances (see below) 
Bowl or basin 

preparing 'a solution with any 
The food pieces are then 

Sulfite 



This .treatment involves 
number of sulfite com 

soaked in the solution for 15 to 30 minutes 
SAifcfStan ces that can be usedL are : 

sodiiim sul f ite 



Sodi um* bisulfite 

* potassium ifietabisulf ite 

•; • *sodium v metaljft»ulf ite 

'"' '"^^^ipljwtion^ea^ases sulfur A±6) 
general raQi^for tM> solution is 
" k "about 10 ml of sulfide. The spec 




into 



c 

^de into the food. 
|bne liter of water 
:if ic proportions 



tables 



The 
to 
for 

There! 

less 

it is 
uneven perie- 



ent types of food are listed in fixe 
are. some problems with sulfite soak J^at make^it 
effective than using sulfur dioxide* ftimes, although 
an easier process. The soaking results in an 
tration of food. The food can become waterlogged which 
extends the drying time considerably. , Also, there is a 
loss of water soluble nutrients while the food is being 
soaked. \ 



Sulfur Dioxid e Fumes 



Materials 



Food ffi be treated 
Sublimed sulfur 

Drying trays 

1 



Woodefl ^px- c^vgred with heavy 
paper " *0*v*P as^eboard box , 

Dish *y . 
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Food is /sulfured by being enclosed in an area filled wit! 
sulfur dioxide fumes. The fumes penetrate the food 
pieces . 'This treatment's done outdoors as the fumes 
irrigate this eyes and the breathing passages . Sulfur ^ 
is burned in a dish under the box after the drying 
trays loadted with food are stacked and plac^under 
the box. Sublimed sulfur or refined sulfur fclold in 
cake form with wick for fumigating -'Buildings ) can be 
used. Sulfur melts at 115 p C and "the proportion to 4 
use is 12 ml for^each kilogram of ctit . fruit . % --Experi- 
ment with the burning sulfur . \A thin laye* in a shal- 
low "dish ma? burn more evenly than a th^c&er layer 
The sulfur burns to a -brown syrup that /expels the 
fumes . | Time the sulfuring "after the sulfur has burned 
and th^ air 1 vents have been closed* off. When the sul~ 
furing is ..finished, generally after 30 minutes for small 
slices and. 60 minutes fo'r larger pieces* unload the ^ 
suijur box by opening it away from you and on the lee- . 
ward side if it is a windy day . By" checking, the wind, 
first and lifting the box- away from you, k you can avoid 
having the fumes .blow in your direction . Yqu may wapt 
to distuss this With the students before sulf uring p\ 
while they construct the box. It may be useful to bJ^rn 
a small bit of sulfur beforehand to observe the changes 
and plan Lhe sulfur treatment. It may be an opportunity 
to review change of state concepts. Also, the concept 
of convection can be reviewed and applied to the design 
of the box. A sample of a sulfur box is diagrammed be- 
low : 




coveved 

woodcrate 

or 

pasteboard 
box_J 



trays raised 
about 10 cm 
above group 
with space 
between and 
about 1 1) cm . 
ctearance 



sulfur in 
dish set 
to s idr of 
traifs - 
- 1? . ■ 



DIAGRAM h!J 
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Sulfuring Isteps : 

1 ; Weigh f oodj and calculate the amount of sulfur needed. 

^ . _ — __ — _ 

2; Sulfur the same type of food: mixing tgpcls in the 
box can get -complicated; m < 



< 



3. Put trays on rocks or wood blocks and stack trays 
with about _ 8 cm between each tray and 10-15 cm 
clearance from the ground and above the trays. 



4;_;> Set dish of sulfur beside the food trays and put 
the box over. 



2 * 
5. : Light the sulfur *and let it burn to brown syr 



up ; 



6 - Block the air vents;, the cut at the bottom of the 
bo* and the small hole at the top on the opposite 

* side of the box.* 

■* * 

7. . Time, the sulfuring after the sulfur has burned and 



the vents are blocked. ■ 



After the sulfuring, remove the trays of food, taking 
care to avo id the sulfur dioxide fumes . 

s 

9; Arrange trays in a food°dryer; 



SALTING _ 

Foods high in protein invite spoilage more than other foods 
&nd therefore require extra steps to dry and preserve . Salt- 
ing meat and f ish discourages the growth of microorganisms , 
preserves the color and speeds up the drying process . Protein 
foods also must be stored in a cool place , around 4° C , to 
avoid spoilage . Pickling salt is used for salting or making 
brine , • a salt solution . It is coarse salt that has not been 
refined and no iodine has been added. Iodine will discolor 
some foods . • 

Jr , 



Meat 




Materials 

V 

Food to be treated Dryer 



Brine 
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Meat, ban .oe dried without salting cilthcmgh it does 
not Keep as long as salted meat. Use billy lean meat . 
Fatty meat spoils too readily,. Cut the meat into ^ 
strips lengthwise of the grain. The strips should 
have a width of 2 .5 cm arid a thickness of a little 
more than 1 cm This strips are hung on the drying 
frame. Trays made of woven wire, bamboo or grass 
re£d can oe used, hanging the meat strips over the 
cross pieces. The dryer should have a termperatofe 
range around 49 d C. The meat strips will be brittle 
/when dry. The dry meat weighs ab"out_^ the weight of 
.fresh raw meat-. 

Salted meat carwalso be preparedly maki£>£f _g\ brine 
using approximately i liter of salt to 5% lateirs^'bf 
pure water. The meat is cut. as described above" ^arid 
then soakea x-n, the brine f o£, r l> - 2 days . The meat 
is removed then from the brine , wiped dry with a clean 
cloth and arranged in* a dryer. When brittle and at 
ie^gft \ t,ie weight of the raw meat, the strips are 
removed,- cooled and stored in air tight contairjets 
in a cpol place . The cooler illus trated. below can be 
used to store' dry meat and .fish . A model of thi*s 
device was studied in Activity 1-1. See also Activities 
I-5A and 1-50. ' 



v soaked 
burlap _ 
hanqs in 
ukxtev 



raises 
container 

above 
iM Lcr 



food is hung 
inside or put 
on tray a-, in 
jatte, plastic 
bags or tins 




■told 
water in 
oi I drum 



1 ?Q 
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Fish. 
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Food to be treated Knife 



Pickling sale 



Dryer 



The process for drying fish is more complicated th 
injg meat,, but if fresh fish is readi.ly available /Gnly 
part of the year, it may be useful to learn the process 
in the science class. Fish is ah excellent source of pro 
tein. Adding a little fish" to dishes with vegetable 
teins, such as bearish grains or nuts and seeds greatly, 
increases the protein value of the dish. ; v 

Fish has to be dried in the shade. Direct sunlight will 
cook fish, even -at 'a temperature as low as 23 C. Frames 
that*, can be covered with cloth jplaced under a large shade 
tree-' work well. 

Use fresh, lean rish. Split thkfish and clean out the 
internal organs . The head can be)' removed. (The head and 
organs can be composted for .the^school garden. Add some, 
lime. ) \ : 




sp lit 
fish - 
flesh 
side, 
up 





fresh ■ fish 
remove- 
head ' 
- and 




r 



DIAGRAM S4 



- ( 
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The split fish is coated" wrbfe ^ickling_#feit ; One half kg _ 
of salt f^r each kg of fish.V^The salted fis> is arranged - 
oh trays flesh side. up. The trays are placefi on frames in 
the shade for 1-2 weeks.. Each night, the trays should be 
brjought indoors. Press' the racks or frames /to squeeze but 
extra brine. After 1 - 2 weeks, the fish if scrubbed to re- 
move the extra salt and then set ofaside again to. finish the 
drying. When the fleshy part of thVfish can be pinched, 
leaving no i^gint, it is dry. The Sried fish can be cut 
ip^to pieces ''^IKput, in air tight 
a cool place - 



containers 



and stored in 



POST- DRY ING TREATMENTS 



These treatments are extra assurance that mold and bacteria 
are killed and that the food has dried evenly beforf storing.. 
Whether these treatments are necessary depends on the tempera- 
ture of the -dryer, the length -and thoroughness of, the drying^ 
and the amount of humidity in the air 1 * \ 



CONI)lTiON*fNG ' 

Conditioning gives fru^rT^q opportunity to complete the dry- 
ing process and prevents grbwth of moi'd. Food is conditioned 
to check for thorough drying. If the food is air 1 or sun dried, 
.it is possible that (the d/ryness of some of the pieces may vary. 
If vthe food is stored immediately and one piece still has some 
moisture- the whole b^tch can spoil in the storage container. 
On the other hand, if the weather is humid, th-^ dried fruit 
can- take up moisture from the air <while* being/onditioaed. , - 



Dried food 



Large container 




To condition, place coojj, dried food in a' large Open .container 1 
•such as a crock or enamel bowl or basin and put it in a 'warm, 
dry room with good ai|r circulation.- .Stir, the food in the con- 
tainer two times a day for 10 - IA day^j/ Again, if .it is 
ftumidr it "may be better to cool and dry tfet the food pieces 
and store in airtight containers i mined Jfeteiy. » . ^ ^ 

The factors involved .in pasteurizing and_ conditioning should 
be discussed with the students. Ask questions that make the & 
students weigh the ■ factors, and : develop methods that sol ve the 
problems in the local environment . Ask the students: 
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Why are high temperatures important in food dryers? ; 

What would happen to dried food if the weather is 
;humi d? 

The following tables outline the preparation, treatment 
and drying- for some fruit and vegetables. Use themes . 
a guideline and encourage students to develop processes . 
for Jjpcal foods. A suggested sequence to include all 
the treatment methods in the lessons is to start with 
onions (no treatment) and proceed with greens such as 
tampjala, mustard or bok choy (blanching) and a fruit 
1^3 bananas (ant i-oxidant coating), then mangos or 
/2rlcots (sulfuring) and finish with beef or a lean fish - 
like. cod,, tilapia o^<o^g§^a 1 1 i sg ) . . _0f course, choose 
food that is available. \By jfecking foods that are availa- 
ble seasonally, Ac ntitri\aonaV advantage of having dried 
foods can be reinforced. 




PASTEURIZING 

Pasteurizing is the partial sterilization of food to kill 
-microorganisms without causing a chemical change in the- food 
that is a loss of nutrients. Some .experts recommend pas- 
teurizing for.aif^nd sun dried: foods. The drying^me 
may jiot have baen long enough to kill mold and bacteria. 
Sthers. find that if a dryer is kept at 57° C ^ r J™f e ^ 
(solar dryers can reach this range) , the -fi^od 13 Pasteurized 
suf f iciontly* - to avoid spoilage. 



Mate.rialr, 



Dried food 
Source Of heat 



Oven 
Rock; 



One Method for pasteurizing is to expose dried food to a 
temderature of 80° C. This can be done in an oven or the 
confener used for blanching can be put on a flat j/ock or 
bTiSc' that is set m hot coals- The dried food is layered 
( 2 k cm layers) oh rocks in the oven or blanching pot 
Fruit is pasteurized for 15* minutes ; vegetables for 10 
minutes . ' ■ 



121 



11S 



110" 



104 1 



:so 



240' 



230 1 



2 20° 
210° 



V, 




32° 


' 90 


2 7%. 




21° 


7 9 


16° 


6 0 


10° 


. 5 0 


'4° 


4 0 


-1° 


3 0 


- 6 0 

a 


2 0 


-12° 


10 


-18° 


0 


-2 3° 


- 1 0 


_ 2 9 ° 


- 20 
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v SUMMARY OF TE MP E*R AtURE . FACTORS 
THAT AFFECT TtfE PRESERVATION 
ANtf\ DRYING OF FOODS 



Bl'anch - full steam - at 100 C 
(212° F) , Boil water. to sterilize 
for tfeat Sent solutions 20 minutes 



Pasteurize fruit for 15 minutes 
and vegetables \for ten minutes at 
80° C . 



* ; i ■ ■■• 

Over 60 C , food wiy cook, scorch 
and lose nutrients. • 

Food kept in dryer at 57° C _for " J. 
one hour is pasteurized sufficiently 

The range of 45 ° C t o 6 0 ° C is 7 
good , for drying food quick l t y v with 
little loss of nutrients andj?olor 
arid protection from mi c r o^j^^fi i s ms 
and enzyme action. 

* - - ' * 

Fish will cook in direct sunlight 
even in the 20° C to 30 0 C range. 

Below 40° G in a humid climate, 
food can spoil on the drying trays. 



Store . dried nieat and fish at 5 C . 
or be°l ow . High protein fo^ds spoil 



more easily than other-Fo/6ds. 
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■* - ) ■ . • 

iVots- 'For foods fcfcol.i njei fhreSding ( se,e pp. 175 -1 77 ) 

» a /ooJ shredder can be made by poundvng navl hoies 
in a sardine tin-, holding -the navl at a 30 - 40 
angle. The holes are cutting edges that shred food. 
■ Shreds will dry -faster than slices. Food can be 
cut up very fine with a knife also to make 'shreds. 




m 



DIAGRAM 56 



) 




< 



ERIC 



I 



PREPARATION; TREATMENT 



AND DRY TEST OF SOME FRUIT AND VEGETABLES 



.FOOD . 

i : 


1 — 

preparahon; 

- -■ ■ . 


r-. —* — "; 

ANTI-OXIDANT , 


BLANCH 


SULFUR' 


' DRY TEST 


NOTES ■ 


h-i — ' — — 

Apricots s 


Halve and'/ 
remove pit . 

0 

- T 
\ 


4*. 


15 minutes 
or 


fume 2 hours 


leathery; 
pieces fall 
apart when,' 

.'squeezed to- ■ 

. gether. ■ 


1 V 


— mi 

Figs 
r * 


— , .. i L i ■ „ ■, 

Cut" in half,' 

A 

, 1 


»!,! • 


20 minutes 

- 1 


v"- - -■ - L -* 

if Tight, 

fume . in 

30 minutes * 


leathery, t 
sticky but ' ; 
do not stick 
together. 




it 
$ 

Pears 


Core and. ' 
slice 6 in' 


coat with 

•ascorbic 

acid 


5 minutas 
or 


fume 
1 hour 


no moisture 

when cut -and ; 

t ■ j 

squeezed, <; 


I 


Bananas ' 
(ripe) 


Peel and 
slice 3-6 mm 


coat 






leathery 
and tough.' 

if 




Bananas 
(unripe) . 


Peel and 
slice 6-8 irfi 

f 




3-4 minutes 


dip in sodium 
metabisulfite 
solution 
(3g/l 1 ) ■ 


' brittle 

4 


can be pounded 
into flour; 


Guava 


Peel and - 
slice 6 mm / 


coat 

3 ■■ * 


\ \ 


i 1 

i 


leathery, 
tough' , 


- can be 
stewed, 


| 4 

Melon « 


Peel and 
.slice 5 cm 
cubes 
< . » 


jl ^ 


r 




ieatnery, 
tough 


X ._ 


Mangos 


Peel and slice _ 
3-6 mm or shred 


coat ; ' 






tough 


\ 

* 
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FOOD 



PREPARA$p>. 



r ANTI-OXIDANT 



1~~ 



SULFUR 



"DRY TEST 



|QTES 



Carrots . 



MushrooTtis 



Okrai 



'Core 



Peppers 



« i 



Slice 6 iq 



* — ri 

15-20. initiates 



brittle 



8-10 minutes 



cut 
fine 



ridges tough, 
edges brittle' 



Separate caps 
4fld stems. 
'12 mm 



brittle 



Slice 3-6 



Shuck; remove 
kernals after 
water blanch 



Peel and sliee 
6 nun strips, 
or rings 



.6 minutes" ■££ 




y i 



y y. 




•p in 

jetabisulfite 

(12 g/ii). 



brittle 



ear- in 
boifrnj 
10 minut$| 
Drain, C3bl. 



transparent 
and xard - 



Many vegetables 
can hi dried j 
witiout blanch; 
ing'if the temp 
of the dryer is. 
high enough. v 
They won't keep 
as long.. Ap- 
pi$j?;f 6-3 month;, 
in containers. 



i 



■A'. 



1 : l 



3f-t 



brittle 



siicy hot * 



5 



nfl lq : remove, 
see^ .•. Can be 
pounJ$l*to make 
paprika.^ | 



Cut ,'unifoEm. 
size. Split 
stems if thick 



4 minutes 



brittle ..' '• 
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' FOOD * 

Sweet* 
Potato 

Potato/ 
Cassava 



3: : p pieces ^ p 
oHhtecl 



sir 



Slice 3-4 
or shred ' 



Beans: 
lifca'j 
shell, etc, 
.Peas : 
greeri and 
black eye 



Remove 

pod " 



Celery 



Slice stalks 

:6 mm 1 * 
Chop jl eaves 



V BLANCE' 



30 minutes 
whole 



20 minutes 
peeled "Sn»' 
quartered 



10 minutes 



4 minutes 



DRY TEST 



brittle 




brittle, 
b,re'ak clean ..^ 



brittle 



NOTES 



store some for. 
next growing 
season; * 



dry leaves and 
stalks on >■ 
separate tf ays ; 
leaves dry 



178 



i » FOOD ST ORAG-E 



Food storage methods can be .coveT^ in the- lessons n> Chap er 
5. The key to safe storage is to.:keep Kh.e moisture content 
to a minimum, if this is done, other problems, such as insect 
or vermin invasions can be avoided. fne reasons for Pasteur 
izing'; adding preservatives |and using airtight containers 
s'houl^. be emphasized. 

Some examples of food storage' containers : 




< — S'9. Wrell 

clea>icd, : . 
v ^ used 
oil. ': 
drum . 




Basket 
lined 
with 
plastic 
-or 

'coated 
with 
melted 
wax. 





60. Ceramtc 



an t d gourds^.;. 



^and bowls 



60 : 
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If- dried food is stored if baskets, ceramic pots or gourds, 
a lid. or seal can be made 1 by dipping a piece of cloth in + 
melted wax (use candle stubs from other, lessons) and quickly 
tying it over the top of the Container. «.< 

Lessons on storage- can be conducted in much. the same manner 
as some of the other lesions by having groups of students 
work 'together to design and test various storage containers. 
It may be a good- idea to initially store small amounts of 
"foods .in the various containers until the effectiveness of 
the contaiMfs, -is established by the students 1 tests,- Keep- 
ing mgjdtf re* out of the^storage containers is the most im-. 
• portant 1 factor to develop . 

Removing #0 - 90% of the moisture from foods concentrates th.£ ^. 
sweetness (fruit sugar) in fruits and the nutrients in all,. .-■ ^ 
foods , and* since- foods rehydrate to 90;f£>f their original 7 
sizo dried foods can be more nutritious than fresh foods-- ^ 



Dry fpoH^iso conserves ^storage ^pace 




dried carrots 

. MA.' 

driew potatoes 



7w 



g dried onlores 



288 g dried fruit 



I kg fresh carrots "|| 

•8 kg potatoes • f ^ 

12 kg onions 

\ 1 kg tr€*k fruit , ' . 

V 

'Special Note on Food Storage 

Begins and other aeeds can be protected from weevils and other insects by 
putting a dried hot pepper or a dry bay laurel %eaf- in each storage con-- ■ 
iainertof-bcana\ peas or other- dried seeds ^including those stored for 
the next jrq^Jf>s.\ season*. • - ■ . ^ ^ « 

Ban laurel and other medicinal or oulinaAj herbs should bd dried in a 
dark, dry, cool place. Light and heat will cause the loss of the herb s 
volatile oils and, -Juircfcre, their flavor or medvcvnal Value. See 
the food preservation materials in this packet. 
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*For "additional information? see Small Farm Grain Stora ge, 
published jckptly by VITA and the Peace -Corps* _ 



I. 



ft 



r 



.This final 
trie a 1 plan'ri rrivt: 
i s t nd i 




hut r i t ib ri 



be tied to the 
students began 



diet record word 
at the end of tj 



and 



r 



Some math can be *f^l uded as Students calculate the 
of protein", fat and* car6ohydrat<p in the meal plans, 
converting yxoj^or t ions of, fresh ingredients in 
to dried foous invoiycs some math. 



por t i oris 
Also, 
local reoi pes 



After this work, the students may want to prepare a balanced 
meat made from dried foods for the school., it .may be bene 
fieri a I t o invite the community people who have been invol ved; 
Thrs cun help to transfer some of the skills and methods fco>; 
the ( j e n e r a I \ >o f i u L a t; i on . ' * . ■ X 



C K< ) UN I ) INK) K MAT I ON ON • KKHYOKAT ION 




""Rehydration Us the opposi to of dehydration ; it 
cess of adding pure water to dried food. Dried 
water and rehydrafe to about 90% their original 




is t he pr 
f ood^ abs 
s ^ze . Ge 

ally, J kg o ff d-r-j ed f ocsed wi 1 i equa l 2 - "2% kg _ of 
rijfH'yxi rated. Dried food can be rehydrated and then pr 
i ri* recipes as -f rosh food or - 1 hii can .be added to recipe 
sotbing ticiuid ' tand cook i rig in one process.. For -exanipk 
dried ve< jet ab 1 es._.c:an be added to soup stock without rehy 
dra:t:i. ng bef orehSlid . ^ - ■ 

A variety of rehydra t irig met. hods are^)r^ nutritionists. 
As with food drying methods , a number oV approaches work 
equally- we I 1 depending on "ttistc and local food preparati on 
methods . The variety of methods possible lends itself £<o : 4 
testing by th^ students to dSvo'lop acceptable methods for • 
the local recipes.' r - 

Some, general gu i Jo M rles and methods wi Li be offered here to 
develop the problem solving; rehydration activities with the 
students . 



Some experts feel the proportion. of 1 part 
liquid is adequate for all rehydration . , G^h 
is used, but fruit juices and stocks can be 



ci to 2 parts 
fly , water 
Used as we 1 1 . 



F r u i t 



2 liquid (water ) ^ 

- be sure 1 to use pure water with fords 



Vegetable " i : 2 boiling water • 

- cover and Wait 5 minates ; then cook 
at low temperature to taste. 



1 ; 



ERLC 



187 



182 ^ 



or experts suggest a 1 : 3 ratio ror dried vegetables: 
Again, this depends somewhat on ta^te , 

- . i 

Beans, such as soybeans, are covered with water and soaked 
overnight arid then cooked for 1 - 2 hours in . fresch water . 



The bulkier foods will, take up more water. ?ou may ask the 
^students to refe^ to the figures they recorded in .the water 
content activity (Activity II- ij to figure how much water 
di f ferent ^foods may ^bsorb when rehydrated . 



Some experts suggest that soaking before cooking makes the 
food tough. This seems to be dependent , though, on the type 
of food afid how it is prepared . These experts pour boiling 
water over the dried food and cover arid cook at low tempera- 
tures. They adjust the water leve^ while cooking the food, . 
adding j^st. enough water for ^he food to rehydrate and cook 
without ^getting tough or soggy: 



As mentioned in the treatment 
can be pounded to powders • T 
or separately, Theypowders c 
water and cooked low for soups 
of* high protein, carbohydrate 3 
be used for special fSod for ba 
h i^h, prot e in f odd" powder 4can Jpe 
v disnes iLp s 
part 1 cula r recy 
bat b titers ; 



used as -wail 



charts in Chapter 8,, dried foods 
e powders can be s tor ed mi xed 
be mixed \ added to box ling 
^por rijeiges or sauces. A mix 
;d . f at ' dried food powder can 
xesC and. young children . A 
added, to sauces and other 
ement the pro.f^in/ intake if it is* low i ri ? a 
n / NUpl^ po w'de r Ji s '^common 1 y used this wSy, 
a s\. ^®bean or groundnut powder , could be 



p. 



*- -- 



Dried food i^h 
enough, .^aif.irh 
the fobd c s'e^ks 

The concept of balanced 
during thesd activities, 
diet _ records they began a: 
_(p). 1 ^ »7_) .' At this_point, 





-can be put in a bowl with 
lid is put on the bowl and 



■can be expanded and reinforced 
Students can .return to the > 
the food and diges tion tests 
ydu may introduce the need' for 



; r 

diet 

The following 
hydrate needs 



portions of protein, fat and carbohydrate in the daily Z 



depicts th& d^aily protein //v f at anii^^arbo- 
Lescents arid adults . - 
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Dai ly Protein , Fat and Carbohydrate Needs in Grama 





Person ' s 4 


Pe rs on 1 s 


af?l 




Fat 


Carbo- 




Wt. in lbs. 


Wt . in kgs 




^/-iVaimal 




hydrates 


Growing 


\ •.' «' .'>>■'•* 
100 


45.5 


100 


80 


90 


■380 


Adult 




54.5' 


120 


96 


100 


440 


?.duit -3 




54.5 




48 


<•« 


330 






63.5 


70 


56 




38U * 



(This chart is^Jur; ;,ted from figures given in Di.&u- for- ^a^SmaLt- 
^„ caloric value conversions in T oday's Basic S cience.) 



mat and 



Adults need about 1.1 g /kg _ of ±>ody weight of plant- protein 
(grains , legume:; , nuts)- or about .88 g /kg of animal protein 
(meat, fish, egqs , milk, cheese, yogurt) each day. Growing 
people , ^children arid young adults, heed 1% - 2 times as much 
protein per pound of body weight each day. The fat arid car- 
bohydrate rieec-3 are approximations . Excess protein in the 
body -will be converted to carbohydrates for energy,- therefore 
altering the carbohydrate intake need. 



You may want to use average figures fo^ t^ach need based on 
average age and weight ''of the science students in^a class/ 
The chart , or a P9 rt: ipn °f the chart of average figures , /caf 
given to time students. . V*-- 



Activity* Iff- 17 A N ALYSIS OF DI~ET§ ' 




Using the^s^difet records, the students can calculate the amount 
of protein, fat and* carbohydrate they consume in a day.- You 
•may want to pas c a conversion table or note some conversions 
on the blackboard. Ask the students to explain the procedure. 
Some math review rri^y be needed. f 

After the stuciaiits have finished their calculations, ask for 
reports . During trie reports , bring out the' rveed for the food 
types and ^vitamins and minerals iri tn^ diet . 

Why do we need ^protein? 

Wh at do ca rb^^ydr^Js provi de ? * 
^ • "why do we neec green vegetables? - 

improve 



Are there protein foods that can be added^t 
the diet? - \ • - ■ .1 ; 
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jfror example r milk powder, nuts, oilseeds can he atdl4ed t< 
ffeauces or cooked rice to- increase the |yaag]^t^^Jkote in in 
the diet. Sesame seeds,: bulgar wheafc' ^^^300^^^? cari ke 
cooked with rice' if, rice is a common par^lffi^ r ^|Hf • diet . 

5 - f-" 

; ■ v_ : 

..... . _ _______ " v : ' ; " 

Activity 111-18 MEAL PLANNING , 7 

___ _ . _ _"*__ _ 

^t the end of the discussion, ask the . students to begin to 
plan nutritious meals starting with local recipes . This 
can be done in. the class or as a task dfAside the class. .If 
the class is made up of people with different traditions and 
diets, divide the class into^gjrovips so that all the various" 
diets a re ^ ns idered. ^„ 

• *p ■ *' I-- 

Activity SIl-- 13 . REHYDIjA TION 
. Materials ,_. 

4 Driest *foods - us'e small, portions for the i;ests^ 

Bowl& or 1 * pots with lids - some tins may be used for 
cooking. 7 ^ 

'« * T • - 

I' Burners, charcoal potior fire pits . 

Pure water (boiled 2Q minutes) .^/- ^ 

.... Mortar and Pestle, -pounding stones or similar utensil, 

.** ■ _____ ___. 

Conversion table and food portion need charts 

, f Mijjk powder, if available for spebial powder mixes. 

Stipring?" mixing tools r wood, metal, plas^^s. 

_. ■ 

.,■ \ Bas in . ^ & . - \ \ 

Soap * .JJ/ 

CLbths . ' . J< = . 

, - - ._ 

% * ■£__.."". * : ' __ 

♦ . s ' Water ' ^ '. ' ' / •• 

* Meas-ur^rig* sp^bt?s*/ p&^stlc caps Or .something similar 
\ for 'irie^auring small amounts. - ■ 
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Direct the students to experiment with small portions of 
dried food to discover the best way to rehydrate^a particular 
food either for cooking or eating raw. Groups of students 
cap work together _ with pne type of food per group or each 
roup can test all the types available. Encourage record 



group 
keeping. •£ 



How much water did you use? 
Was it boiling or cold? 

How did you decide on the amount of water to use? 



(Did the studentM'remember the water content activity 
results and app^y them to these tests?) 

How much dried ^J^fod did* you use? 

(Encourage usi'jMEjonly spoonfuls for the tests.) 
How I'cfog did iSltake for the food to soak up the water? 



Did you cook tSe food? How long? 'What temperature 
fafige? Lc^v?^J»edium? High (boiling) ? 

Through questioning?* alert the students to the variables 
involved: " U'v * 

: - ' 'A, - 

Water - amount and' temperature . - .« 

- ' ' i-ii * &■ 3 

A ■ v . . . " 

^.Food - amount and type* . . 9 v .' 

^ Time - soaking 'and cooking. 

After the testing, have the groups report their finding^/, 
v^he ^tudents" can develop a chart such as the one , that follows ; 
On v Jlfcrge .paper or the blackboard outlining the rehydration 
prbdess that works best for each type of dried food. This 
information will be used again. It cpjlso be-.compiled 
with the food drying methods developed earlier. 



r 
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F^od 
type 


Amount of 
Food 


Amount of 
Water 


Water 
Temperature 


k Time 
Soaking 


Time .' ; 
Cooking 
















f 






4 






V 




























w 






— — ^ — 













* 



At this point, you may want to. have the ^tudents compile all. 
their* results"- into tables , charts and re^Kpes-.^ Assign the 
various parts ,of the study to each grox^f^ot students . Have 
each group give a fi rial* report . \ . . i '. 

. ... . ■ ' ; ■ t i f 

If ^hfere are copying machines or tj^ctographs ^'ajailable , , the 
science students could produce a booklet on*_ drJ|jPg , ^preserv- 
ing and preparing iocal foods for balanced nrtfcr'%ious meals - 
'■the year-round, e&&h Vjn the^sfeason o:f ^hort^geijfc* > 



Activity III- 20 PREPARATION OF POWDERS, FROM DRIBD^OODS 

-Direct groups, of Students to pound 
foods th\ maXe' powders if, thj 

- ; sbl 



problem to ■ e^c^ group 



Sf pow 




ious,> kinds o£ 'dried 
e§h -done . Give . a 



s" food for h&biigs apd young chi 



a. balafocecj nutri-* 



What; mix of powders wpuid make a sauce- ^fet -cou^d! 
be ser^d with rice (wheat /'! noQdles , ; fca^fcva; 
potatoes) to mak£ a -nutritious m^alZ 



3 -+ , What mix of powders would m^ifte a soup or^orridge 
that is ' complete (nutritious J?Jr . J \f. - ; 



« - J 
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Thje studepts will hjave ;to consider; and* calculate i; pro- . 
portions of foddj types Have the food type need /chart 
an<J conversion tables posted* Some review 'of radios ^ 
may be needed to' ge,t parted, jsfek the students t£o use 
small pbrti'ons., Latef when^^reciwes ire "de^lopTed, the 
amounts can be '±n£reafs«d to .usable portionsVf St .fneals . 

; 4 _ __ ___ *' ■ - ; - ; ' ■ ■ / 

With D milk powder available- somS mixes may be easier to p 
develop-' Having s di;ied commofTly u&ed herbs, also / may facili- 
tate ^developing sVuce recipes.. Also, having some cooked 
rice or- similar^tood in th§ 'class may be uiefuJj for tasting 
the samples of new sauces beiricj developed. 



The steps involved in this activity are 



1. Calculate the. portions of fqdti types needed for a 
balanced peal r(l/3 of d^ily need): . * 

_ - * , ' ' _ ,_ 

2. Decide which* available powders fit eaxih type. 

' i f- - - = • ' i 

• _ «* » _ >_ _______ _ f , 

> ^nd mik^samples from each type. r 
"Add h^4s-<t^ desirued.^ V V- ' , . v . « 




small : tin with pure water, 



Adj us 



necessary . 



If acceptable, record the 
p c*rtj^rr_3~ to nojrmal amounts 



recipe 
for a 



-irjcrea'sing 
meal . 



the 



While the students are working; move £rom group to group 
to cfuestion them. How did you calculate the portions to 
use? Do children n^fed v£H£ same portions of food types as 
adults? What did you Have tq consider? Use this activity 
set to • question arid review the' nutrition concepts from-, 
.earlier lessons., Asft the students to gather and record 
local recipes. for various dishes. _ Using bheir dehydration 
and rehydration records and results , have the students 
convert local recipes to th^e appropriate portions using 
dried f oods - » 

Using the results of theWarious activities/, have the; ; 
students plan, prepare and give a meal at school for the 
other itu^ents . :. Invite interested community residents as 

• well .. if some people have donated food or time to the 

"project', include them ,also . 
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SUMMARY • ' ' 1 - 

~ . :/ , * 

In Part I and Part II, the; students learned th3_ basic construe 
tion of solar dryers and tY$e Scientific principles needed in ' 
order to design and understand how solar dryers work.'i^ 

In P^'rt III, the students have investigated and learne.d why . > 
it is important to preserve foods by drying. » They have also 
learned, enough about basic nutrition' for them to be able to 
plan well balanced meals th£ entire year? 4 



V 



c 
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APPENDICES • 

A. MATERIALS CROSS-REFERENCE LIST 
B*. H6W TO MAKE A ROUND HOLE IN' A TIN 

C . CONVERSIONS BETWEEN METRIC, . BRITISH 
AND AMERICAN WEIGHTS AND MEASURES 

D. _DIFFERENCES_BETWEEN BRITISH AND 
■ ""AMERICAN TERMINOLOGY 

E. DETECTING CHANGES IN TEMPERATURE 
WITHOUT A THERMOMETER ~ * 

F. MAKING AN EQUAL' ARM BALANCE 
CI. MAKING A SET OF WEIGHTS 

H, A HEATING STAND MADE FROM - A TIN < 
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APPENDIX >A*. 4 MATERIALS CROSS-REFERENCE LlST 



A list' of all tH<^ equipment and materials needed to do 
the activities it) "Preserving' Food b&' Drying" is presented 

here. The list, is divided . into* categories intended, to 

assist you in the practical tasks of locating and' storing 
these things . * Th<* categories are as follows : 

' ' > ' • __ 

Items _used without modification which- can be ob- 
tained free or purchased locally. . ■ 

Items cut f Fom a larger pi-ece, or that^peed to be 
modified slightly ;: and which can* be obtained free • 
\or purchased locally. t . mt j" ■ 

Xtems made from easily available materials that heed 
*V some effort or skill 'to b^iid. 

Consumable itfcmls obtainable loyally. , 

Consumable it eta* obtained from specialised sources . 

$ ■ ■ . : - ' - " ' *\ . _ . . 

- Equipment obtained from, specialized sources- . 



AvailabldR^resources 
Colored materials . 



• Heatj sources "using .fuel . 

Where appropriate-/ tlie items in a category are divided accord- 
ing to whether or not t)iey require special care j,n Storing.. :_ m 
Items in each list are in the qrder of their first use ih the' 
book. Ne^t to each item are listed all of the activities'. ^# 
throughout the* book, wtaere it is needed. By looking through 
this list, you can sedwhat materials and. equipment are.fre-/ 
queptJiy needed, wfiat is^rieeded occasionally, and what is ' 
needed only once or twice. Thus, you qan make decisions 
about what items tb accumulate/ what, items to borrow when 
needed, : aad what activates yfu may have tb modify or omit 
due, to lack of materia^^or equipment. » ^ 

Alternatives aire suggested for many of the items. Any. of the 
alternatives should work in ail of the activities listed for 




lopally , and their resourcefulness and problem solving 
abilities increase as they learn to substitute other materials 
for those suggested here. We are anxious to know about 
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• ' ' - i\ 

any successf ul majerf al^ slibstitutions" you and your studerits 
^ make. Returriing ?CVTs are urged to write Program Designs for 
Educators at: phevrdns and PfcE, P.O. Box 2 35, % Jamaica Plain, 
Boston, Massachusetts :0213Q y U.S.A. 

y: ' ' ____ - __ . ■ 

/Most of the <aot*aJvities do not require tools, but as the stu- 
1 dents mak©tt*e,)transi'tio5 from learning how dryers wc\rk to 
designing '^d building them (Activities I-11B and II-2)-, the 
importance dSh^ing tools suddenly increases. We recommend 
making your own tools . As part of the framework of this 
manual, ^"How to Make' Tools" was created by Per Christiansen 
and Bernard jZubf-awsk* as a companion piece. 

ITEMfl Us£p WITHOUT MODIFICATION WHICH CAN RE OBTAINED • 
" !,,<,: FRE£ OR PURCH ASED LQCA t fcY 

« \ 
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Fragile or Damaged if Stored Wet : , 

Dishes t or email trays ab^e to hold Water 1-1, I-4C 

- * Rulers mark'ed in centimeters 1-1, I-2A^ 1-6^ II- 1, 

^ . II-2, p. 126 



Scissors or razor blades I-2A, I-4A, I-4B, 1-4(3, 

1-6, I-1IA, I-liB 

Watch or clock or other timer for I-4A, I-4B, I-4C, 1-7, 

measuring relatively long periods of tfme I- 10, p. 122-5 



Jars 



I-frA, I^4C, •ill-?, III-ll, 
111-13, 111-14, 111-15 



1 Bottles * * • 

Elastic bands / * > . - ^* B > *" 11A 

I firinking glasses I ~%&i m *~4C 

Jars" with certain size requirement I-4B, 1-6^ II-l 

Tea glasses or very small tins I-4B * I-4C 



Basins, large bowls or buckets I-5A, II- 1, II-2, III 14, 

- V * P- 166, IH-18 

Trays or dishes or pieces of pasteboard 1-6 , II" 1 

I 

Clay tiles or bricks, or blocks molded 1-7, I-8B 
from adhesive material such as soil 

taken from termite .mounds ^ 

Protractor , ^A, I-8B, I-8C 



1B7 



' t 193 ' 
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Common pins 

Cooking pots or large-tins 
Culture dishes 

» 

Sewin^fceed^e^to usje as^ transfer 
" needles 



1-J1A, I-1IB 

pp. 122-6; 163 



p. 122, iii-2, m-3, 

III-4, III-5, IIi-6 

\ > 

p;i26 , Ill-fl, III-3, ; 
III-4, III 1 ! 



Not Fragile : 



Tins of various sizes 



) 



Tins of the same size 
Small stones 

~ : ' t . 

Measuring spoorrs , ' capB , t ins , bottie- 
- caps., etc.. for measuring smalt amounts 
i of liquid or powder (p.. 8 ) • . 

Lids or caps for bottles or jars, or 
use plastic and elastic bands 

Tins with -a ce^taiii size requirement 

Several hails of different si-res 

Shovels or other tools for digging - 



holes in the ground * ^ 

... .Jr. 

Bricks or similar s ize stories 
Nai Is ^r^pegs 

Tins with both ends cut out 
Small nails, §brads or tacks 



v. 



1-1,' I-3A, I-3B, I-4A, 1-4 
J-4C, I- 10, 11-2, 111-11* 
111-^0 

1-1, 1-7 

1-1, I-4B, I-4C", ^-10, ■* 
I-11A, p. 163 ' ' *" 

Y-l, . I-4C, p. 1?5 , 111-13 
111^14, 111-15, Iir-18 



I-4A, I-4B, 111*8, 111-10 

; * > ' : 
t-4A j ' 



I-4A 



Large tins^ / 



I-4C 

T-nc, j-M 

I-8A, 1-9, '£l-2 
^I-8A 
:I-8B 



Ir9 



Bofrtletopa or other objects having ^ 
uniform weighf , to be used as weight's 
i * 

Pieces of metal from large tins , or 
dishes y to use as covers 



II-l, II-2 



p. 125 , pU63 



\ 
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- >. ■ . ■ ., , y / 

i: .1 :: - . '. :, ( ,.- 

I^EMS CUT FROM— & LARGER PIECE , OR TBA£JJE£D TO BE ^ > \ .. * 

MODIFIED S( LI GHTLY , AND HHICH CAN BE OBTAINED FREE * " • . 

" OR_ PURCHASED tOCALLY ~~ ~ . " * 



Fragile or Damaged if Stored Wet : : \ ' m ■ q 

r Sloth /. 1-4, I-5B, p. 161, ip-18' 

; 'U m _ ; _ - : • ; 

Paper otfser than usual notebook - 1-1, I-4A, I-11A, HI-9* 



111-16 



Means for labelling, such as paper I"l, III-2, III- 13 III- 15 * 

and cement silastic bands or tape *- * 

String ^ ; i I-3A, I-3B, I-5A,' 1-6, 

I-8A, It-8B, II- i' - ... ' ; ' * 

* ■ - * ■ 

» * ,i 

Cloth which air can circulate thrpugh , *I-6, II-l, H~2 • ' 

such as cheesecloth, gauze or nylon . > . 
tulle ' - - ^ 1 

» 3. " ^ ~*~ 

Thia. transparent plastic, sndlll pieces I-4A, I-4B , I-4C 

Absprbent cloth such as from an I-4B ; 1 

undershirt or' singlet, \or p^per 

which is very absorbent^ S> ■ '« 



Books \>v pieces of wood toVase a"s a 1-43 
support ' " t j „ ^ / * A 



Hand-held fans, or big" leaves* pieces^. 



Thin transparent plagtf c , larger pieces*" I^-4C , I-11A* T I-11B, II-2 

I-5A ' i 

of newspaper, .etc. to use as fans > 

Flat glass or cleat plastic arid . . f " 1-7, 1-9, 11:^, iti-iO 

tool to cut it ._" . . '* 

I * i * " - « 

?ble€ such- as straight tree branches, -, I-8A 

re<^rs , broom handles, or narx^w boards e 

Newspaper or other -large pieces of paper I-8A, III-7, III-8, III-9, 

111-10, III-ll 

Pasteboard or heavy paper withja I-8A, I-8E* 
/mooth surface. on &t least ohe side 

■ * * 

Pasteboard > I-8C ■* 



TapeV m "*-\ I " 84? ' I " 9 

. ( - ^ f - ' 

Thin wire ' - L-11A 

*** i 
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* - / 1& 5 

* • - i 

String or braided cotton that produces 
•«^dKe when glowing 

Small boxes made of paper or pasteboard 

* "r , i 

pieces, of soft wood about the size 
of a pencil "s ^ 



Not Frag i le i 

Small pieces^of wood \ 

Outer tubes of Btc pen, preferably 
transparent , hollow bamboo branches , 
or hallow grass reeds 

Taps from small tins (Diagram 8) or 

• i other stand that will hot be ^ 

damaged by water or heat 

• _ . A : 

B<6tt letop with a hole in it, washer, 
or other small object to hang on 
f a ^string * ' 



Wood -Hoards or slabs 
Bamboo » 



Piece's of. metal from tins 



i^iiiL i-iib 



I-11A, I-11B, II-2V 
111-12 - y 

p. 126 Y: 




I-4A, I-W^Il-l 

I-4B, .I-4C t III-8, 
III-ll, '111-13 



I-4B, 1^4 C, I-11A 

9 . 



I-8Ar I-8B 



1-9 > 11-2, III- 12 
Ir9, I 1-2 
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* ITEMS MADE FROM" EASILY AW 
REQUIRE SOME EF-FQI ~ 



VTERIALS THAT 



Fragile ^or^Damaged if Stored Wefr : 

Grid pa^er witlj 1 cent imtftetj squares 

: * Pendulum made /from a stone hanging on ; 
a piece if twine* about 2 meters long ~;\ 
to fee used as a timer for relatively ^ 
short times. A clock or watch with ; 
a ^cond^iand can also be used; 

Device for- comparing weights., such as 
ah equal 4 arm balance - 



Knife 



7 



Saw (Appendices D, E and L) 

Angle measuring t-ub-e (I-8A) 

Elevation a*hgle measuring device <£-8B) 

Chisel br shears to cuty metal 4 



y , - - - - - - - 

' Device to purify water (1-9) 
Tw.eezers - 
>: Food dryers (Part II) 



I-2A, I-2B, 1-6 > I-8C, ,11-1 

' . i H ' 

•3A,' I~3Bj I*5A, ^11^ 



J 




1=6, ri-l,\lW, P- 122 



i-6, ii-i, in-12, in-16, 

p. \69 ■ j 

I-8A, I-8B, 1-9, 'I I- 2,( 
pp. 95-113 : 

I-8C, I- US, 1 1-2 

f 

I-8C, I-11B, 1-2 
1-9, I 1-2 

r 

p. 163, 166 , ; ' • . . 
I II- 10 

111-3^111-5, 111-16, 
pp. 163-9 



Not Fragile : 



?s or cloth to lift hot .objects 
off a fite | ' 

. : . V • j • .. 

Support for tins to be heated by a 
'handle or small, burner ^ 

Tins witJi a round -hole ir^the side 
or equivalent container # 

Device to hold wood while cutting 
or drilling it 

Hammer ^ 

Drill .s ; 



I-3A, I-3B, p. 122-5 



I-3A, I-3B; I-4A, I-4B, 
I-4C * ' - 



I-4B, I-^C * v_ 

j-8A;. I-8B, 1-9, 11-2/ ) 
pp. 95-113 

I-8A, 1-9, I 1-2, pp. 95-113 
I-8A, 1-9, II-2,'pp. 107-113 
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CONSUMABLE ITEMS* OBTAINED LOCALLY 
{ 



Cooking oi 1 ' ~- - * 

Potato, cassava or other large , firm vegetable 

Crack sealer, such as mud or tar „ 

Charcoal 

A Variety of kinds of kinds of food such as 
fruits - 9 vegetables, meat, etc. 



Paste or cement or other adhesive 
Piece of termite hill oij^ larg:e <;lod of dirt 
Wax - - 
Animal bones 

Mold and bacteria (pp. 11<F21) ' - 




1-1 

1-1, III- 14 

1-6, II-2, 111-12, III 
I r 9, 1 1- 2" 

I- 11A, p: 122-5 { 

II- l, p. 122, IH-2, =\ 

III- 3, III-7, III-8, 
III-9, III- 10, I 11-11, 
IIf-13, 111-15, 111-16 
p. 163-9 

II- l, ~ll-2, 11-11, 

III- 14, 111-18 

II- 2 

III- 12 : 
111-13 - 

P-122 

III-l, III-2, III-3, f . 
III-4, IiI-5, 11^-6 * 

•111^13* 

111-13. 

i 

lit- 14 < ; . 

iii-14 

III- 15 . 

P-163- 

p. 169 
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CONSUMABLE ITEMS OBTAI NED FROM SPECIALIZED SOURCES 

, — - ' f 

/" : ' III-8, 111-13 



* Iodine 
Hydrochloric acid 
Benedict's solution 
Pepsin 

Ascorbic acid 
Pure water , 

Sublime^or refined sulfur 



Sulfite substance 

r 

Pi.ekli.ng s^lt 



ui-ii, iii-44, 111-15 
j ui-13 - 

LII-15 
*V p. 163 

p. 163, 166 
p. W 

p. 166 . ■ i 

p. 169 



Note: Most of these items ar\ likely to be available at pharmacies/ 
hospital ^laboratories y n^alth centers and secondary schools. " $ 





EQUIPMENT OBTAINED f| 


KOM SPECIALIZED SOURCES 








Thermometers 
ways to make 
s^ee Appendix 


(For a discussion of pd 
temperature sensing dew 

T:) * > A 


fssible ' I-5B, 1-7, 
ices , — •■ 


Hand lenses 




v J iii-i 


» 


- AVAILABLE 


RESOURCES. . . 


..." 3 ■ 

Water 




l-l, I-3A,' 

, "i-4b , I-4C, 



Sunlight 



7 



III-7, 1 1 1- 8, III-H, 
111= if; 111-14, 111-15, 
p. 163 , HI-18 . 

1-1, I-4A? I-4B, I-4e, 
1-7, I-8A, I-8B, I-8C, 
I-11A, I-11B, 11-2, 
III-4,? IH-6 
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COLORED MATERIALS 

• ;■ — x : — " 

Source of a smoky flame, such as a candle 
or* a. paraffin lamp, for coating Surfaces 
black with soot 

... ' -L. m ^ i • .... 

Pieces of wh^e paper, black paper such as 
carbon paper, and various other rolors 
including metal foil, if available 

White paint, cassava paste, whitewash or 
aluminum paint * 



Black cloth 

Black ink or black paint 



OS 



1-1, I-4C; 1-7, I-8B 



' I-4A; I-4B 

> „ 

1-9 i 
I-11A, I-llB, II-2 



HEAT -S OURCES USING FUEL 



Matches 



Charcbal cooker, or three stones and 
- firewood, and a metal grating or 
other support r so tins can be heated 

Burner and paraffin or gas that provide 
a medium source of h^"at 

Candle of small burner -and paraffin or 
gas, to provide a small source of heat 



I- 1, I-3A, I-3B, 1-4 A, 
L-4B ,' 1-4 C, 1-7, ,I-8&, 
I-UA , 

I-3A, I-3B, I- 10, 1-1 1A? 
PP. 122-6,] 113, IH-18 



1-3A, I-4C, 11-13, * < 
I II- 15 * • 

I-3B-, I-4A, I-4B,' I-llA; 
I II- 10, III-ll, 111-13, 
111-15 



4 
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APPENDIX B, HOW TO MAKE A ROUND HOLE — IN A TIN 



In case.6 where "one wants to insert a tube into a tin tightly 
so that there is rib leakage^etween the tube and the hole it 
fits, iritbi it if necessary |o ittake a round hole in the tin. 
If the hale is large endugh^to be able to fit the case of a 
Bic peri into (or a very "small hollow bamboo branch} use the 
following method. : First, make a tiny hole with a nail having 
a length of 5 centimeters. Then enlarge the hole witha 6% 
cm nail, followed by a 10 cm nail, and lastly by a 15 cm 
nail. It is important that these four nails be use^ in this 
way. If only the largest naji is used, it will make a square 
hole because ftie poiht of the nail has. four Sides. 



A 



v ^01 . v 
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APPENDIX C. . CONVERSIONS BETWEfli METRIC, BRITISH AND 

AMERICAN WEIGHTS AND MEASMES- | ' 1 

•• . " • / 

\ ■' • . ' 

These conversions have been rounded to produce values that 
are easy to work with and to remember.- However, they are 
ail within 2 percent of the exa.ct values. 

* LENGTH . ■ *" 

^ Metric " British and Ameri can ' 

\ 1 centimeter » 4/10 inch 

I 1 decimeter = x "4 inches 

1 mEter . ** 40 inches 

1 kilometer 5/8 mile f 

British arid American Metric 

, 1 inch ■ 2.5 centimeters 

1 fbbt - m 3 decimeters 



1 yard ■ 9/10 meter 

1 nile ' „ ■ m 1<6 kilometer 



AREA 

^tric . British and American 

1 square, decimeter 6 /l5.5 square inches 

i square ieter ■ _ 10.8 square feet 

i^squar^ meter 31 • 1.2 square yards 

i hectare " * . -2.5 acres 
British and American Metric 

1 square inch ■ 6^5 square centimeters 

1 square foot - 9.3 square decimeters 

i square y^rd " 5/6 square meter 

1 acre s ; 4/10 hectare 
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Metric 



VOLUME 



British 

1 TS~ 



100 milliliter* $ 
500 milliliters 

L lit€^r 

5 liters 
British 
1 cubic inch 
1 diince 



3.5 ounces 
17-5 ounces 1 
0.88 quart 
1.1 gallons 
Metric 



American 



American 
3.4 dunces 
17.0 dunces 
1.06 quart 
1.3 gallons 
Metric 



= 16.4 milliliters 
= 28.0 milliliters 



5 dunces (k pint) = 140.0 milliliters 

10 dunces (% pint) = 280.0 milliliters 

v^j^^int (20 ounces) = 560:0 milliliters 

1 quart (40 oajtce^ ) = l.i liters 

X gillon (4 quarts:) = 4.5 liters^ 
Mx s ce 1 1 ane o us 
I botttetop (Coca-Cola, etc,. ) ■ 
i usual teaspoon 
1 measuring teaspoon 



1 cubic inch 

) 

**1 ounce 

4 ounces (^ cup) 
8 ounces (1 cup) 



~ 16.4 ml, 
- 30.0 ml 
=120.0 ml 
=240.0 ml 



f pint (16 ounces) =480.0 ml 
1 quart (32 dunces) =960,. 0 ml 
1 gallon (4 quarts) =■ 3.8 1 
Me tric y 
3.5 miUiliters : 



1 tablespoon - M eating 
. 1 tablespooA, serving 



1, measuring vta^Les^e 



stables /woa 



4 to 5 milliliters 

5 milliliters 

8 to 10 milliliters 
14. to 16 mill-iliters- 
15 millilit^ 



flf* 



Note : 40 British ounces - 1 British * (Imperial) quart, and 32 American . 



ounces - 1 American quart J The ounces are almost -the fam&^&uze 
but this relationship creates a difference of about 20 percent 
in the size of pints, quarts and gallons between British an 
American measurement of volume. 
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Metric 
10 grams 
100 grans 
1 kilogram 
Britis h and i\merican 
1 ounce 
1 pound 
10 pounds : * 
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WEIGH! 



Fritis.h and American 

7/20 ounce v j!> 
3.5 ounces 
2^. 1 pounds 

Metric 

■ ~v 

28 grams 

\ • 

450, grams 
4,5 kilograms 



, - - \ 

\ ficie: Vie. British ajkd Americak'^iiU o£ weight shown above are 
the ones . in common use, tne "Avoirdupois" system, 
which hap IV ounces in a pound. Another sjjctem exists __ 
in both Britain and America, the "apothecary" or "troy*" _ 
system. Its pound, which equals about 370 grcrrs, cont^KS 
' 12 ounces. This system is only used in certain specialties, 



CURE 



See page 12 2 for a conversion chart between the Fahren- 
heit and Centigrade temperature scales. 
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APPENDIX DIFFERENCES BETWE EN BRITISH AN ET AMERICAN 

TERMINOLOGY ' , : 



British English 
; ' Cement 

Common pins 
Edible oil 
Muriatic acid 
Para f firi 

Pasteboard 

to; revise a lesson/" 
"Spirit 
Tin 



f 



>s 



American EngJJLstt 

Glue ? • : 

/ 

» - 

Pins or straight pins 

fcbbfcing oil 

Hydrochloric acid 

Kerosine , charcoal lighting 
fluid . 

Cardboard 

to review a lesson 
Alcohol : 
Can 



.1 



1 • 

A PPENDIX E. DETECTING CHANGES IN TEMPERATURE 
• — r"i WITHOUT A THERMOMETER " . . 

In a number of the activities, where an increase of tempera- 
ture takes place, it cart be felt with your hand. These are 
Activities 1-38,1.-40, I-4C Further Studg, I-5.A and 1-10. 

In Several. .other activities , the increases in tenperature. 
can be notid the same way, but it would be _ desirable to 
improve both measuring' skills and^ understanding of the 
situations fiy making a somewhat more quantitative measure- 
ment. The approaches suggested here apply to these activities 
I-5B, 1-7, 1-7 Further Study, I-8B/ I -lift; I-11B and II-2. 

In the Fur the r 'study - following Activity I--3A, a laboratory 
thermometer which can measure temperatures up to. ,100° C is 
heeded. l*his is k difficult requirement to meet with im- 5 
provised temperature measuring devices, but pethaps* you can 
invent one or locate an existing design that is easy to 
make and works well. If you* do, please communicate it to 
the Information Collection and Exchange office* Also, please 
let us know about your successful or unsuccessful attempts 
to measure temperature in any of the lessons. 

In many industrial applications , temperatures are measured 
using pieces of material that; melt at known temperatures . 
For example, in Activity 1-7, three tiles are placed in the 
sun, They are all horizontal . One is black, one is earth 
colored, and the other brie is white. £>n each tiie^ you 
could put/5 piece of margarine and a piece of wax. Whether 
both of these melt on each tile, and how long it takes 
could be noted. Maybe in your locality, both of these melt 
too easily. Can you find another material that melts at a 
higher temperature? j 

f 
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The following device can measure- small and medium changes of 
tenperature . - * 



1 



air space 

ball not 
removed 



Transparent ink tube 
from Bic pen. Wash 
in spirit (alcohol) 
to remove all old 
ink. 



This part must 
all be in the 
place where 
temperature 
is being ' 
measured • 




Water with a 
r^T^Tittle coloring 
in it. 




le air-trapped in the 
Experiment with th$ si2 
gives less sensitivity, 
^without the .water spill 
has an upper limit near 
much water vapor forms 
tube can be marked, o 
pasteboard, plastic or 




tifce expands as thfe temperature rises . 
e of jthe air space*. A small air space 

but a higher temperature can be measured 
ing out the end of the tube. The range 

the boiling points of water becausje too 
in the air space . ' Positions along the 
it can be glued torn piece of papfer, 
ood, and that can ve marked. 




— - * - 



j xhe following device is useful for measuring relatively small 
Changes in temperature . Air in the body of the pen expands 
to move the colored water. Air must be free to leave or enter 
the tip. Water getting in it will impair its operation. 



Compl ete t ranspa rent 
Bic pen, except ball 
has been removed 
from the #ap. 





f 
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Mi connections must bp sealed^ including the srtfell hole oft 
the side of the^pen. - When the S±y is warmed and expands, it 
pushes the cTolored water. It must not escape elsfewhere. The 
whole device is sensitive to change of temperature. Either 
the .whole thing should be ,put in the place where temperature 
is b^in^ measure'd, or ♦the same length must be used for all 
measurements which are tot 'be compared. It also responds to 
your warm finger-s , and thus, must be held" some other way. 
- \ 

s 

As you can see, these devices have some merit, and we are, 
anxious to hear of, your efforts to use them. However, they 
also have limitations. Perhaps they can be adapted in some? 
wa^ to become better. 

The conditions of measurement in the various activities are 
as follows: 



Activity 



Wet 
or 



Amount of 

temperature 

change 



Temperature 
present, over 
a large or 
small area 



Calibration 
of device 
needs numbered 

uniform 

_ < 

intervals * 



iperature 
t^> hot to 
touch by hand 
for very long 



I-5b 



1-7 



1-7 



1-7 

Farther 
Study ' 



jvet 



si ight 



.can be either 



dry 



wet 



dry 



moder'ate 
to large 



large area 



no 



moderate 



large area 
^ 



yes 



• mod err ate 
td 4arge 



large area 



yes 



no 



maybe 



no 



maybe 



I-8b 



1-1 la 
1-1 ib 



I -la 

Further . 
Study 



dry 



dry 



wet 



moderate 
to large 



large area 



moderate 



\.j depends on 
size of 
equipment 1 



no 



no 



yery 
large 



depends on 
' t sj.zq of 
equipment 



yes 



i • 



maybe 



no 



yes 



ERIC 



212 



208 



APPEN DIX F 



-MAKING AN EQUAL ARM BALANCE 

7 



< 



■ \ 



Many science lesions can- 7 Be improved by haymg ^ghxng feq«P ^ 
1 Snt available for the Students to use. ,/ Often there is dtfly 
ment .available tor ^ j> X&ilng scale in/the Sodence room, 



• one triple arm^baid 
arid the* teacher is 
students are a Howe 



fto 



rehensive that it may 
use i£: - -v^jir 



becbrje broken if 



^ lh ,± e designs for fcual arm balances thaV^can be made from 
easily available Materials are shown nere.v .... . _ 

SeVferal details of Resign a^ct how sensitive a balance is: 



1. Friction at tfte center point. . . , ■ 

2. Whether the center hole is placed a^ove or below, the 

I end holes .- ' . . .... •* . . „_,„ + f v 

3. The weight of the beam' and where the center, of gravity 
of the beam is located compared to the center hole. 

Friction at the Center point can be kept very low as long as 
tha pivot uses rolling instead of siding friction . Using 
a nail that rolls on the edges of tins, is one effective • 
way to keep friction at the pivot from being a problem, and 
is the method used in the diagrams that follow. $ j 




209 



4 



To ^investigate the effect of having the, end*. holes 
.below the center hole, and ^ x 
: ^ in ;line with the center hole, 

make the holes shown in, the following diagram in a 
wooden Vul#r . 



- ( 




Put a naii in the center hole:, which is approximately lit 
the center of gravity of the ruler. , Then hang a hook or' 
iight -freight container from the lower' '.aoles at each 
of the ruier. Get many small objects that all hav^ the' same 
weights These 6 could be common pitis, paper clips or staples. 
Ghe of these objects should be encragh to unbalince^ the ruler, 
(If the ruler does not hang level first,, put an elastic 
band around the /portion of it that is higher-, and use its 
positior! to adjust the ruler so it is levef^ ) 



Then put five pins <^n each side . Add a sixth 'to one side . 
Does the ruler move ? 'Add five more pins, to each side , ; so 
' you hkve ten on each side . Add an eleventh to 6ne side . 
Does 'tne. rulet move ? Continue this proce dure^or f i f teen 
and twenty pins . 

N'ow hang your hook or light weight container from the upper 
holete at each er^ of the ruler. Do the same thing, testing 
the sensitivity to detect the weight of one pin vfrien there 
are .zero, five, ten , fifteen and twenty other pins already 
in each, container. 



You will find that in one base / the sensitivity decreased 
greatly when many pins were already on eacg container. Tifis 
characteristic is useful when' you want students to quickly 
compare obj ects that are approximately the same weight 
with other objects that are very different ih'weight, such as 
bein^j only half as heavy. Too much sensitivity might make 
every object seem different in weight from every other object, 
and the students would get bogged down. Measuring the* potato 
cubes in Part I of Preserving _ Food by Drying is ah activity 
where the balances purposefully should not be very sensitive . 

Now make one more hole in the center of the ruler, so it 
loojcs as follows : - \ 
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In this explanation, the weight of the beam is staying the same - 
its is the weight of a ruler. If you need to make an extremely 
sensitive balance, the same principles described here can be 
used with a light weight beam made from thin cardboard. Simi- 
larly, if a more rugged balance is needed for heavier weights, 
a. design using parts of a tree could be made, similar to* the 
diagram at the end of this explanation . 

Now put the nail in the new hole you have made near the edge 
of the ruler. First put it on the pivot with the hole near 
the lower edge of the ruler. You will see that it does not 
balance when it is used this way. This is because the center 
of gravity of the ruler is above the pivot. : The ruler tries 
to fall to a position whefe its center of gravity is below the 



Now put the ruler on the pivot so the new hole (with a > nail 
through it that rests on the edges of the tins) is near the 
top edge of the ruler. Repeat the same procedure of testing 
the sensitivity of the balance by putting one pin on orfe side, 
when you have .zero, five, ten, fifteen, and twenty pins already 
in the containers at eachj^hd of the beam. 



You now have seen how th<* sensitivity varie.s according to wher,e 
you make the holes at each end, and the hole in the center that. . 
the pivoting nail goes in. Now you wilj, be able to make a, V . 

balance Where you can design what the sensitivity will be, . 

even if you use materials such as shown in the following diagram; .,• 
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Q. WAKING A SET^OF- WEIGHTS - S 



• " _ -f - _ - - 

Without a Set of weights; an equal arm balance cari be Used 
to see whether ^Srious objects are equal in weight or not. . 
This is done in Activity 1-6, where the equal arm balance ; . 
shows that if one of the cubes is cud .into several pieces , 
the pieces still weigh the same as thfe other cube that was - 
not cut ._ * ~\ 

If the objects are to be^weighed with the equal arm balance, 

a set of weights is heeded. This is necessary where the weight 

of a piece of fresh"- food is to be compared with the weight 

of the same piece M food after it has been' dried. The equal .. 

arm balance ean^Wd for weighing by putting the piece of 

food on on£ side r>f the balance and. by putting enough weights 

on the other side to balance the food-' 

... . : _ _ _ - ' ? ._ .. • , - 

The set of weights should lie .based on' some easily available 
objects that all weigh about the same. In Appendix S, things. , 
like" staples, cSnpon pins, and paper c^ips are suggested for 
testing the sensitivity of the balance: However, thes,e are 
too light to -be useful for Weighing the. food pieces. They 
also .have the disadvantage that unless they are all bought 
from the same source, they. may net all have the same- weight* 
Washers also So net make suitable weights, because tfley. are 
made from scrap pieces of sheet metal, .and although the diameter 
may bj^ the same, the thickness varies tremendously- . 

Bottle tops ^rom.Coca.\ola,' Fanta and beer bottles ara quite - 
uniform in weight. Thers^ are probably the bfest things on 
which to base your set of weights- They heS^e^he added advan- 
tage^ of being obtainable for free . -/\ •■' *^ . 

The set of weights can consisV 'only .of bottle tops -J For example, 
a piece of food* might weigh 136 battle tops freshen* 47 battle - 
tops after being dried. This gets to be a lot j5ottiyfop^. 
to piJ^ on the balance, however. 



Somewhat- heavier objects that are quite ainifjo*m are batteries 
vbf the kind used in flashlights and radios. The -weights may 
Vary between batteries from. different makers, but all batteries- 
of a certain type made by. the same company should weigh about ' 
the same . Consider that' you have some small batteries that, 
each Weigh' 14 bottle tops, and some large batteries that each 
weigh 55. bottletops. To weigh the fresh*»food in the example, 
two large' batteries would equal 110 bottletop^af one small • 
battery would add 14, anfl : 6 bottle tops would /add the. rest , 
to reach the total of 130 bottletops of weight: TO weigh the 
dried fruit, three small batteries would equal 4 2 bottletops, 
and 5 bottletops would be added to balance the food's, 
weight of 47 bottletops. , • 

MB 
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Objects such as these can be used to make sets of weights 
suitable lor all the food drying activities in thxs book. 



- • U '. _ 


Fresh 'Food . • — - 


- " n _ "'-^ 

[Dried Fobci — U 


Objects on x Object - Equivalent 
balance weight weight 


Objects on Object - Equivalent 
balance f weight weight 

. t 






2 • X 55 = 110 _ 


0 X' 55 = 0 




1 x 14 . = ,14 ' 


3 X 14 = -42 


Sma^. Battery 
tsSttletops 


6 X 1 - « - # -6. 


5 X 1 = 5 


Total weight 
. (bottletops) 


130 


47 



71 



1 
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APPENDIX H. A HEA TING S TAN D MADE FROM A TIN 



Using one' of the methods of cutting a tin shown previously, 
you cah^-Sake heating stands while you obtain rectangular 
pieces of metal to use for other purposes. 





he stand is used itTc^Vthis: 

has the advantages that 
a breeze will hot disturb 
the flame, and j. 
heat can be prevfente^d j 
frpm rising all around n^- 
what is being heated, 
which might contain 
some thing that could 
burn or melt • 
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as volunteers in developing countries, living and j««rk ing_ anbng _ the_fiecple_of the Third 
World as colleaguee and co-Worl^rs. l^aay 6000 PCVS are involved in programs designed 
to nelp strengthen local capacity to address such fundamental concerns as, food 
production, water supply, energy developmerft, nutrition and health education and f $ 
refdrestation.. * ; 

Lore t Miller Ruppe, Director < - 

EbVard Curran, Deputy Director Designate * 

Richard b; Abell, Director, Office of Program Development * r ■ 



Peace Corps overseas offices: 
BELIZE ; 



P.O. Box 487 
Belize- City 

BENIN 

BP y7i 
Cotbribu 

Botswana 

P.O. BOX 93 
GaJDbrohe 

CAMEROON 
BP 817 
Yaounde 



. ' i .__ 

REPUBLIC 
BP 1U80 
Bangui 

CUSTA RICA 
Ai>artado Postal 
1266 ; 
SanGjose 



DOMINICAN REPUBLIC 
Apartado Postal 

1414 
^ahto Domingo 

^ EASTERN CARRIBBEAN 
Including: Antigua 

to rbados , Grenada , 

Mpntserrat, 

St. KittsHYevis, 

St. Lucia, St. 

Vincent , fcriiiriica 
"Erin Courr* -» 
Bishops CourtiHill 
Pto; Box 696-C L 
Bridgetown, Barbados 



■ if Vl VIT^l 

Casilla 635-A 

Quito . * 



pTolT Box lO^T 
Suva 

GABON * 
BP 2U9& 
Libreville 

GAMBIA, the 
P.O. BoV 582 
Banjul 

GHANA 

P.O. Box 5796 
Accra (North) 



GUATEMALA 

6a A^enida 1-46 

Zon/2 

Guatemala 



Apartado I^stal 
C-51 

Tegucigalpa 

— _____ _> t 

JAMAICA 
' 9 Musyrove Avenge 
Kingston 10 
■ i 

KENYA 

PTo7~BQX 305^ 
Nairobi 

LESOTHO 
P.O. Box 554 
Maseru 

LIBERIA 
Box 707 
Monrovia 

MALAWI 

Box_208 
Lilo 



MALAYSIA 
177 JaLan Raja Muda 
Kuala Lurpur 



MAURITANIA 

BP 222 

Jiouakchott 



P.O. Box 336 
Saipan, Mariana 
Islands 

MOROCCO 

I, Zanquat Benzerte 
Rabat 



NEPAL 

P.O. Box 613 
Kathmandu 




NIGER 
BP 16537 
Niaeriey 



Of IAN 

P.p. Box 966 
Muscat 

PAPUA NEW GUINEA 
P.O. BOX 1790 
Borbkb 



PARAGUAY 

c/o Snericah E_mnassy 
Asuncion 



txjtt TPPTMFS 

trl lXI_--Lr_r-H^ 

P.O. Box 7013 
Manila 

FKANT* 

c/o American Embassy 
Kigali 

SENEGAL 
BP 2534 
Dariar 



LLES 




* SIERRA LESNE 
Private Mail Bag 
Freetown 

SOLOMON ISLANDS 
P.O. Bd* 547 * u 
Honiara 



P'O'.Box 362 
Mbabine 



TANZANIA 
Box 9123 
par es Salaah 



THAILAND 

42 5b i Scmprasbhg 2 
^tchhuri Road (j 
Bangkok 4 



TONGA 
BP 147 
NUkU'Alofa 

TUNISIA 
B.P. 96 

1002 Tunis-Belvedere 
Tunis 

UPPER VOLTA 

BP 53 7— Sama rid i ri 

Ouagadougou . , 



WESTERN S AMOA 



Box 564 
Victoria 



P»P. Box 
Apia 

YE MEN 
P.P. Box 
Sana's 

ZAljRE 
BP 697 
Kinshasa 



880v 



1151 



